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Flotation  Concentrates 
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COLORADO  MEETING 

This  Bulletin  will  be  received  by  members  at  about  the  time  the  Col- 
orado Meeting  is  in  session.  A  general  account  of  the  meeting  will 
be  printed  in  the  October  Bulletin,  but  it  will  not  be  practicable  to  pub- 
lish the  discussion  of  the  papers  at  the  Colorado  Meeting  until  the  Nov- 
vember  Bulletin. 


MILWAUKEE  MEETING,  OCTOBER  8  to  11,  1918 

A  special  meeting  of  the  Institute,  at  which  the  Institute  of  Metals 
Division  will  join  with  those  members  who  are  moat  interested  in  iron 
and  steel,  and  in  cosl  and  coke,  will  be  held  in  Milwaukee,  Wis.,  October 
8  to  11,  1918.     The  technical  program  is  as  follows: 

Institute  of  Mstals  Division 

Tiie»day  morning,  October  8 : 

The  Metallography  of  Tungsteo,  by  Zay  Jeffries.     (BuUelin  No.  138,  p.  1037.) 

The  Constitution  of  the  Tin  ft-onaea,  by  8.  L.  Hoyt. 

Paper,  title  not  given,  by  C  H.  Mathewson. 

Not«8  on  Babbitt  and  Babbitted  Bearings,  by  Jesse  L,  Jones.     {Bulletin  No.  140, 

p.  1397.) 
Oxygen  and  Sulphur  in  the  Melting  of  Copper  Cathodes,  by  S.  Skowronaki. 

(SuUetin  No.  135,  p.  645.) 
The  Relation  of  Sulphur  to  the  Overpoline  of  Copper,  by  S.  Skowronaki.     (Bulle- 

Un  No.  135,  p.  661);  with  discussion  by  Philip  L.  Gill.     {Bidktin  No.  140, 

p.  1166.) 
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WedTiesday  morning,  October  9 : 

Sympoaium  on  the  Conserv&tion  of  Tin.     Those  taking  part  will  be  the  following: 

Dr.  G.  W.  Thompson,  of  National  Lead  Co. 

Mr.  G.  H.  Clamer,  of  the  A]ax  Metal  Co. 

Mr.  C.  M.  Waring,  Pennsylvania  Railroad  Co. 

Mr.  M.  I>.  Lisaberaer,  of  Mark  Lisaberger  &  Son,  Inc. 

Mr.  D.  M.  Buck,  American  Sheet  &  Tin  Plate  Co. 

Mr.  W.  M.  Corse,  Titanium  Bronie  Co. 

Messrs.  Burgess  and  Woodward,  U.  S.  Bureau  of  Standards. 

Mr.  M.  L.  Dizer,  of  War  Industriee  Board. 

A  representative  of  the  Niles-Bement-Pond  Co. 

A  representative  of  the  Bureau  of  Steam  Engineering,  11.  S.  Navy  Dept. 

Wednesday  (afternoon,  October  9 : 

The  Volatility  of  the  Constituents  of  Brass,  by  John  Johnston.     {Journal,  Am, 

Inst.  Metals.  March,  1918,  p.  15.) 
Notes  on  the  Metallography  of  Aluminum,  by  P.  D.Mericaand  J.  R.  Freeiuan,  Jr. 
The  Effect  of  Impurities  on  the  Hardness  of  Cast  Zinc  or  Sp«lter,  by  G.  C.  Stone. 

{Journal,  Am.  Inst.  MetalsLMarch,  1918,  p.  11.) 
Dental  Alloys,  by  Dr.  Arthur  W.  Gray. 

Electrolytic  Zinc,  by  C.  A.  Hansen.     {Bulletin  No.  135,  p.  615.) 
The  Condensation  of  Zinc  from  its  Vapor,  by  C.  H.  Fulton.     (BuUetin  No.  140, 

p.  1375.) 

Thursday  morning,  October  10: 

Notes  on  Non-metallic  Inclusions  in  Bronses  and  Brasses,  by  G.  F.  Comatock. 

{Journal,  Am.  Inst.  Metals,  March,  1918,  p.  5.) 

Nichrorae  Castings,  by  Mr.  Arlington  Beniol,  of  Driver-Harria  Wire  Co. 

Fusible  Plug  Manufacture,  by  Messrs.  G,  K,  Burgess  and  L.  J,  Gurevich. 

Paper,  title  not  stated,  by  P.  D.  McKinney. 

Application  of  the  Spectroscope  to  the  Chemical  Determination  of  Lead  in  Cop- 
per, by  Messrs.  Hul  and  Lucke.  ^ 

Radium,  by  Richard  B.  Moore.     {Bulktin  No.  140,  p.  1165.) 

Ikok  and  Steel  SscTtON 

Session  on  Iron  and  Steel.     Tuesday  morning,  October  8 

The  Limonite  Deposits  of  Mayaguez  Mesa,  Porto  Rico,  by  C.  R,  Fettke  and  Bela 

Hubbard.      {BuUeUn  No.  135,  p.  661.) 
The  Manufacture  of  Ferro-alloys  in  the  Electric  Furnace,  by  R.  M.  Keeney. 

(BuiiettnNo.  140,p.  1321.) 
The  Manufacture  of  Silica  Brick,  by  H.  LeChatelier  and  B.  B<^itch.     {BvUelin 

No.  141,  Sept.,  1918.) 
Notes  on  Certain  Iron-ore  Resources  of  the  World,  N.  Y.  Section  Meeting  of  May 

23,  1918.      {BuUelin  No.  141,  Sept.  1918.) 
Recent  Geologic  Development  on  the  Mesabi  Iron  Range,  Minn.    Discussion  by 

Anson  A.  Bette  and  J.  F.  Wolff.     {BuOetin  No.  141,  Sept.,  1918.) 
Moving  Pictures  on  the  Triplex  Steel  Process. 

Session  on  Coal  and  Coke.     Wednesday  morning,  October  9 

The  Byproduct  Coke  Oven  and  its  Products,  by  W,  H.  Blauvelt.     {Bulletin 

No.  135,  p.  5S7.) 
The  Use  of  Coal  in  Pulverized  Form,  by  H.  R.  Colhns.     (BuHetin  No.  136,  p.  965.) 
Carbocoal,  by  C.  T.  Malcolmson.      {Bulletin  No.  137,  p.  971.) 
Low-temperature  Distillation  of  Illinois  and  Indiana  Coals,  by  G.  W.  Trser. 

{BuUetin  No.  141,  Sept.,  1918.) 
Price  Fixing  of  Bituminous  Coal  by  the  U.  S.  Fuel  Administration,  by  R.  V.  Nor- 

ris  and  others.      {Bulletin  No.  141,  Sept.,  1918.) 

Session  on  Miscellaneous  Subjects.     Wednesday  afternoon,  October  9 
The  Work  of  the  National  Research  Council,  by  H.  M.  Howe. 
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nSW  YORK  MEETING,  FEBRUARY  17-20,  1919 

Id  preparation  for  the  118th  meeting,  New  York,  Feb.  17  to  20, 1919, 
the  following  committees  have  been  appointed: 

Committ««  on  ArrangeineiitB 

Allen  H.  Rogers,  Chairman.  W.  8.  Dickson,  Seer^ary. 

J.  E.  JoBKSoN,  Jr.  F.  T.  Rubidoe. 

H.  C.  Pakmeij!b.  Forest  Rxjthekcohd. 

P.  G.  Spilbbury. 

Committee  on  Annual  Dinner  Committee  on  Luncheon 

F.  T.  Rubidoe  Forest  RnrBERroRo,  CkaiTman. 

E.  B.  Sturoib.  E.  Maltby  Shipp. 


LOCAL  SECTION  NEWS 

COLUMBIA  SECTION 

S.  S.  Fowler,  Chairman,  J.   C.   Haas,    Vice-chairman, 

Ltnbon  K.  Armstrong,  Secrelary-Treaswrer,  720  Peyton  Bidg.,  Spokane,  Wash. 
W.  H.  LiNNBY.  J.    F.    McCarthy. 

On  July  15,  16,  and  17,  1918,  through  the  good  offices  of  Secretary 
Stoughton,  and  the  courtesy  of  War  Department  officials,  Columbia 
Section  was  able  to  secure  a  series  of  moving  pictures  which  were  presented 
under  the  auspices  of  the  Spokane  Engineering  and  Technical  Associa- 
tion. The  title  was  "The  Way  Out,"  representing  the  activities  of  indi- 
viduals who  had  lost  an  arm,  a  leg,  or  both,  yet  whose  apparent  mis- 
fortunes were  made  the  stepping  stones  to  advancement  in  various 
human  activities.  The  exhibitions  were  given  at  Natatorium  Park  in 
the  evening,  each  of  the  three  performances  being  attended  by  1000  per- 
sons. Later  the  films  were  shipped  to  Kellogg,  Idaho,  where  they  were 
shown  in  the  principal  playhouse  one  evening  to  a  full  house. 

On  July  31,  1918,  the  Columbia  Section  participated  in  the  lunch- 
eon and  other  entertainment  in  honor  of  Alfred  D.  Flinn,  Secretary 
of  the  Engineering  Council,  who  made  a  trip  through  the  country  to 
meet  different  classes  of  engineers,  members  of  the  National  Societies, 
for  whom  he  had  a  message.  The  entertainment  was  under  the  auspices 
of  the  Spokane  Engineering  and  Technical  Association,  Mr.  Peter  Mogen- 
sen  presiding.  The  luncheon  was  held  in  the  Elizabethan  Room,  Daven- 
port Hotel,  at  noon,  35  engineers  being  present,  of  whom  about  one-third 
were  our  members. 

Mr.  Flinn  gave  a  very  comprehensive  description  of  the  work  of  the 
Engineering  Council  and  allied  interests  of  the  Engineering  Societies, 
laying  particular  stress  on  the  necessary  and  desirable  working  alliance 
between  the  central  bodies  and  the  individual  members  and  local  sec- 
tions, and  expressing  gratification  with  the  responsive  attitude  of  the 
engineers  in  every  part  of  the  country  which  he  had  visited.  After  some 
important  messages,  which  were  discussed,  some  of  the  local  engineers 
added  some  pertinent  suggestions:  Among  these  were  Messrs.  J.  C. 
Ralston;  C.  A.  Lund;  A.  D.  Butler;  J.  B.  Fisken;  L.  K.  Armstrong,  and 
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others.  A  conference  after  the  luncheon  was  followed  by  a  visit  to  points 
of  interest  within  the  city  Umits  and  beyond,  through  the  courtesy  of 
Mrs.  J.  C.  Haas,  wife  of  the  Vice-chairman  of  Columbia  Section,  A  din- 
ner was  served  at  6,30  at  which  some  15  were  present,  and  Mr.  FUnn 
left  for  Butte'  by  a  late  train.  His  visit  will  have  had  some  lasting 
beneficial  results. 

L.  K.  Armbthonq,  Secretary. 

BOSTOH  SECTION 

'  We  have  received  a  letter  from  Mr.  August  H.  Eustis,  explaining 
his  remarks  at  the  forty-eighth  meeting  of  the  Boston  Section,  May  6, 
1918  (Bulletin  No.  139,  p.  xii)  regarding  methods  of  disposing  of  sul- 
phuric acid  fumes  at  the  West  Norfolk  smelter  of  the  Virginia  Smelting 
Company. 

Ai  reported  in  the  minutes  of  that  meeting,  it  was  stated:  "The 
origiDal  intention  was  to  run  these  solutions  into  the  harbor,  but,  owing 
to  a  suit  instituted  by  oyster  growers  about  this  time,  it  was  thought 
best  to  remove  most  of  the  sulphur  dioxide  before  doing  so,"  Fearing 
that  this  report  of  his  speech  may  lead  to  misapprehension,  Mr.  Euetis 
now  writes:  "When  the  plant  was  first  built  we  were  all  very  much 
afraid  about  the  disposal  of  these  liquors,  and  feared  that  they  might 
make  themselves  a  nuisance,  where  they  ran  into  the  harbor.  Subse- 
quent experience  has  proved  that  this  is  not  at  all  the  case.  As  a  matter 
of  fact,  it  is  almost  impossible  to  detect  the  presence  of  the  liquors  in 
the  harbor,  even  close  to  the  mouth  of  the  sewer,  where  they  discharge, 
'  regardless  of  whether  the  sulphur  dioxide  extracting  plant  is  in  operation, 
or  not." 


DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S,  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on 
the  battlefield  in  1915. 

Cobeldick,  WilliaJm  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  October  7,  1915, 

Dougallr  Ralph,  killed  in  action. 

Evans,  Alfred  Winter,  Lieut.-Col.,  New  Zealand  Rifie  Brigade, 
D.  S.  0.,  D.  C.  M.,  kiUed  in  action  on  October  12,  1917, 

Gonnan,  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918, 

Hague,  William,  1st  Lieut.,  Engineer  Officers'  Reserve  Corps,  died  in 
active  service. 

Hall,  William  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action, 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  killed  at  Fort  Sill, 
Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  while 
on  active  service  in  France  on  July  26,  1918, 
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Perry,  Edward  H.,  Ist  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
£Ixpeditionaiy  Forces,  France,  killed  in'  action  on  March  30,  1918. 

Pretynun,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  kiUed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Engineers,  B.  E.  P.,  232(1  Army 
Troopa  Co.,  killed  in  action. 

RJnglund,  Soren,  Medical  Department,  Fort  L<^an,  Colo.,  died 
suddenly  in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aero  accident 
in  England  on  May  25,  1918. 


NEWS  FROM  MEMBERS  AT  THE  FRONT 

John  M.  Caims,  in  an  interesting  letter  dated  June  19,  1918,  tells 
us  of  his  experiences  in  Italy.  He  says, "  It  may  interest  you  to  know  I 
came  out  to  Italy  after  being  on  the  Afghan  frontier  of  Indian  Baluch- 
istan, in  August  last  year,  afad  for  some  time  waa  posted  at  Turin  as 
Railway  Transport  officer.  At  that  time  Turin  was  in  the  toils  of  the  riots 
which  were  the  forerunners  and  preliminaries  which  led  up  to  the  great 
Italian  retreat  (Capretto).  Since  then  I  have  been  ail  over  Italy  from 
(deleted  by  the  censor)  in  Transportation  inteUigence,  and  now  have  just 
been  transferred  to  the  Directorate  of  Requisitions  and  Hirings,  which 
now  permits  great  opportunities  of  going  nearly  all  over  Italy  (deleted 
by  the  censor). 

My  address  is  L.  of  C.  Branch,  D.  R.-  A  H.,  A.  P.  O.  L/1,  I.  E.  F. 

Thomas  S.  Chalmers,  formerly  Captain,  Ordnance,  in  non-ferrous 
metals  department,  Procurement  Division,  Wa^ington,  has  been  ap- 
pointed Major,  Ordnance,  N.  A.;  he  left  for  foreign  parts  May  23,  1918, 
and  arrived  somewhere  abroad. 

G.  A,  Denny  writes  us  that  his  brother  H.  S.  Denny  has  been  for  3 
years  in  charge  of  Government  explosives  factories,  and  as  a  sign  of 
approval  he  has  recently  been  given  the  award  of  "Commander  of  the 
Order  of  the  British  Empire. " 

ADDITIONAL  LIST  OF  MEMBERS  OF  THE  INSTITUTE 
IN  MILITARY  SERVICE 

(The  following  liit  contains  the  names  of  those  members  of  the  lastitute  of  whose 
connection  vith  military  service  we  have  only  recently  become  acquainted;  it  also 
includes  the  names  of  a  tew  who  have  recently  been  promoted  or  transferred.  A 
complete  list  was  published  in  the  Year  Book,  issued  as  a  supplement  of  the  Bulletin 
for  Marah,  igis.) 

Andrews,  Clabence  W.,  2d  Lieutenant,  12th  Batt.  Infantry  Re- 
placement Regiment. 

Andrews,  Joseph  C,  Ordnance  Dept.,  U.  S.  A. 

Arluck,  a.  A.,  Headquarters,  Ist  Corps  of  Artillery,  A.  P.  0.  No. 
759,  A.  E.  F. 
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Ater,  Frank  A.,  let  Lieutenant,  353d  Aero  Squadron,  A.  E.  F. 

Ball,  Edwin  M.,  51st  Infantry,  Headquarters  Co. 

Ball,  Tom  Lee,  Naval  Aviation. 

BotJDwiN,  Walker  J.,  Administrative  Labor  Co.,  No.  46  (Spanish) 
A.  P.O.  713,  A.E.F. 

Campbell,  William,  Lieutenant  Commander,  U.  S.  N.  R.  F.,  New 
York  Navy  Yard. 

Catlett,  Charles,  Chemical  Division  of  the  War  Induatriea  Board. 

Chapman,  Lewis  G.,  Co,  F,  604th  Engineers. 

Clark,  Howell  Smith,  Co.  E,  1st  Replacement  Regiment,  Engineers. 

Cooper,  Claude  H.,  Captain,  Coast  Artillery  Reserve  Corps,  50th 
Artillery,  Camp  Eustis,  Va. 

CuRRiE,  David,  Director  General,  National  Salvage  Council,  Caxton 
House,  Westminster,  S.  W.  I.,  London. 

Delano,  Frederic  A.,  Major,  Engineer  Reserve  Corps,  A.  E.  F. 

Dickson,  Robert  Henrt,  1st  Lieutenant,  C.  A.  N.  A.,  Fortress 
Monroe,  Va. 

Dunn,  T.  S,,  Captain,  538th  Engineers,  Camp  Meade,  Md. 

Eaton,  Lucien,  Captain,  Engineer  Reserve  Corps,  Provisional  Co. 
4,  E.  R.  0.  T.  C. 

Edwin,  John,  Company  A,  27th  Engineers,  A.  E.  F. 

Ely,  Fred  B.,  Ist  Lieutenant,  Aviation  Section,  N.  A, 

Fairbairn,  George,  Captain,  252d  Co.,  Royal  Engineers,  British 
E.  F.,  France. 

Fassett,  N.  C,  Section  600,  U.  S.  A.  Ambulance  Service,  A.  E.  F. 
with  Italian  Army. 

Ford,  Harold  P. 

Frasbr-Campbell,  Evan,  2d  Lieutenant,  180th  Tunnelling  Co., 
R.  E.,  British  E.  F. 

Gilbert,  Donald  C,  Company  L,  Ist  Replacement  Regiment, 
Engineers. 

Hopper,  Walter  E.,  Bureau  of  Research,  War  Trade  Board. 

HousHOLDER,  E.  Ross,  Company  L,  1st  Replacement  Regiment, 
Engineers. 

Imhofp,  Wallace  0.,  Lieutenant,  Assistant  Engineer,  Airplane 
Motor  Dept.  Rich  Field,  Waco,  Texas. 

KuLLMAN,  Joseph  J.,  lat  Lieutenant,  Company  A,  113th  Engineers, 
A.  E.  F. 

Lamb,  Herbert  W.,  Captain,  Engineers  N,  A.,  Post  Headquarters, 
Fort  Benjamin  Harrison,  Ind. 

Ix)VEjor,  J.  M.,  Lieutenant,  F.  A.  R.  C.  Saumur  Artillery  School, 
A.  P.  0.  No.  718,  A.  E.  F. 

McAdam,  D.  J.,  Jr.,  U.  S.  Naval  Engineering  Experimental  Station, 
Annapolis,  Md. 

McAllen,  John  L.,  Lieutenant,  Company  B,  602d  Engineers, 
A.  E.  F. 

McCONNELL,  Robert  E.,  Lieutenant,  U.  S.  N.  R.  F.,  Room 6312,  New 
Interior  Bldg.,  Navy  Dept. 

McNair,  F.  W.,  Associate  Engr.  Physicist,  Bureau  of  Standards, 
Washington,  D.  C. 

Magnub,  Benjamin,  Captain,  Engineer  Reserve  Corps.    ' 

MiLTKO,  Alexander,  Sergeant,  2d  Battery,  F.  A.  C,  0.  T.  S.  Camp 
Taylor. 
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MoGA,  John  A.,  9th  Co.,  C.  A.  C,  of  C,  B. 

Neghu,  Jacques  S.,  Pvt.  No.  2504000,  Canadian  Railway  Troops, 
Depot,  Draft  No.  76,  Purfleet,  Essex,  England. 

Nelson,  H.  C,  27th  Engineers,  A.  E.  F. 

Nelson,  W.  I.,  Balloon  Co.,  64,  Arcadia,  Cal. 

Newby,  Jerry  B. 

OuGH,  S.  W.,  Care  N.  W.  J.  Gibson,  7  Officers  Quarters,  Royal  Arsenal,  , 
Woolwich. 

Page,  Williau   Kinquan,  Lieutenant,  Ordnance    Reserve   Corps, 
Inspector  of  Ordnance. 

Pond,   Walter   F.,  Captain,   Headquarters  30th    Engineers    (Gaa 
&  Flame  Regiment)  A.  E.  F. 

Price,  Harold  C,  Ist  Lieutenant,  C.  A.  R.  C,  53d  Ammunition 
Train,  C.  A.  C,  A.  E.  F. 

Price,  Virgil  T.,  10th  Co.,  164th  Depot  Brigade,  Camp  Funston, 


Rankin,  James. 

Read,  J.  Burns,  Captain,  Ordnance  Reserve  Corps,  Inspection 
Division. 

Ross,  Clyde  P.,  Photographic  Branch,  Dept.  of  Military  Aeronautics. 

RouBH,  G.  A.,  Captain,  Ordnance  Dept.,  U.  S.  Army.  Head  of 
Educational  Branch,  Inspection  Division,  6th  &  B.  Sts.,  N.  W.,  Wash- 
ington, D.  C. 

Sbamon,  W.  H:,  Jr.,  Company  A,  27th  Engineers,  A.  E.  F. 

Searing,  Oliver.  P.,  Care  Construction  Quartermaster,  Camp 
Shelby,  Hattiesburg,  Miss. 

Smith,  F.  G.,  Metallurgist,  Ordnance  Dept.,  Inspection  Division, 
Non-ferrous  Metals  Branch. 

SiDTH,  Frank  A.,  2d  Batt.,  Ordnance  Detachment  C. 

Smith,  Sydney  L.,  Major,  E.  R.  C.  514th  Engineers,  A.  P.  0.  No. 
731,  A.  E.  F. 

SoMHEKVtLLE,  WiLLiAU  B.,  Jr,,  Lieutenant,  C.  A.  C,  Fort  Terry, 
N.Y. 

Stahkby,  Tom  R.,  Lieutenant,  Company  C,  let  Laltour  Batt.,  B..  E. 

Stewart,  Lloyd  L.,  U.  S.  Government  Inspector,  Care  Hercules 
Powder  Co.,  Berkeley,  Cal. 

Teets,  John  N.,  U.  S.  Naval  Aviation  Detachment,  Company  22, 
Mass.  Institute  of  Technology. 

ViSEL,  C.  E.,  Company  M,  1st  Engineers  Training  &  Replacement 
Regiment,  Washington  Barracks,  D.  C. 

Walters,  Charles  W.,  Ensign,  V.  S.  Naval  Air  Station,  St.  Trojan, 
Cherante  Inf're,  France. 

Williams,  Edward  I.,  Candidate,  2d  Training  Co.,  C.  A.  C,  Fort 
Monroe,  Va. 

Williams,  P.  T.,  2d  Lieutenant,  6th  Reserve  Batt.,  R.  E. 

Wbbbrt,  Louis  P.,  Chemist,  U.  S.  Naval  Engineering  Experiment 
Station,  Annapolis,  Md. 

Wright,  Fred  E.,  Captain,  Ordnance  Reserve  Corps,  War  Industries 
Board. 

Yatbb,  A.,  Ministry  of  Munitions,  Yorkshire,  England. 
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U.  S.  ARMY  GAS  SERVICE 

By  executive  order  of  the  President,  dated  June  25,  1918,  the  investi- 
gation of  matters  relating  to  gas  warfare,  which  had  been  initiated  by 
the  Director  of  the  U,  S,  Bureau  of  Mines  early  in  1917,  and  had  been 
continuouBly  maintained  and  improved  since  that  time,  was  transferred 
to  the  recently  created  Division  of  Gas  Warfare  of  the  War  Department. 
On  the  occasion  of  this  transfer,  both  the  President  and  the  Secretary 
of  War  took  occasion  to  speak  most  highly  of  the  efficient  service  that 
had  been  rendered  by  the  Bureau  of  Mines. 

It  gives  us  great  pleasure  to  reproduce  here  a  letter  from  the  President 
and  from  the  Secretary  of  War,  bearing  on  this  subject  and  also  to  ap- 
pend a  brief  review  of  the  work  of  the  Bureau  of  Mines,  prepared  by  its 
Director,  Mr.  Van  H.  Manning. 


The  White  House,  Washington. 

June  26,  1918. 
My  Deab  Ma.  Manning: 

I  have  had  before  me  for  eome  days  the  question  presented  by  the  Secretary  of 
War  involving  the  transfer  of  the  chemical  section  established  by  you  at  the  American 
University  from  the  Bureau  of  Mines  to  the  newly  organized  Division  of  Gas  Warfare 
in  which  the  War  Department  is  now  concentrating  all  the  various  facilities  for  offen- 
sive and  defensive  gas  operations.  I  am  satisfied  that  a  more  sfficient  organisation 
can  be  effected  by  having  these  various  activities  under  one  direction  and  control,  and 
my  hesitation  about  acting  in  the  matter  has  grown  only  out  of  a  reluctance  to  take 
away  from  the  Bureau  of  Mines  a  piece  of  work  which  thus  tar  it  has  so  effectively 
performed.  The  Secretary  of  War  has  assured  me  of  his  owb  reci^nition  of  the  splen- 
did work  you  have  been  able  to  do,  and  I  am  taking  the  liberty  of  encloeii^  a  lett«r 
which  1  have  received  from  him,  in  order  that  you  may  Bee  how  fully  the  War  Depart- 
ment recognises  the  value  of  the  services. 

I  am  to-day  signing  the  order  directing  the  transfer.  I  want,  however,  to  express 
to  you  my  own  appreciation  of  the  fine  and  helpful  piece  of  work  which  you  have  aone, 
and  to  say  that  thiB  sort  of  team  work  by  the  bureaus  outside  of  the  direct  war-making 
agency  is  one  of  the  cheering  and  gratifying  evidences  of  the  way  our  official  forces  are 
inspired  by  the  presence  of  a  great  national  task. 

Cordially  yours. 
Dr.  Van.  H,  Manning,  Woodbow  Wilson. 

Chief,  Bureau  of  Mines, 
Department  of  the  Interior. 

War  Department,  Washington,  June  25,  1618. 
Mt  Dear  Mr.  Pre8IDbnt: 

In  connection  with  the  proposed  transfer  of  the  chemical  section  at  American 
University  from  the  Bureau  of  Mines  to  the  newly  constituted  and  consolidated  Gas 
Service  of  the  War  Department,  which  you  are  consideringj  I  am  specially  concerned 
to  have  you  know  how  much  the  War  Department  appreciates  the  splendid  services 
which  have  been  rendered  to  the  country  and  to  the  Army  by  the  Department  of  the 
Interior,  and  especially  by  the  Bureau  of  Mines  under  the  direction  of  Dr.  Manning. 
In  the  early  days  of  preparation  and  organization,  Dr.  Manning's  contact  witli 
scientific  men  throughout  the  country  was  indispensably  valuable.  He  was  able  to 
summon  from  the  universities  and  the  technical  laboratories  of  the  country  men  of  the 
highest  quaUty  and  to  inspire  them  with  enthusiastic  «eal  in  attacking  new  and  diffi- 
cult problems  which  had  to  be  solved  with  the  utmost  speed.  I  do  not  see  how  the 
work  could  have  been  better  done  than  he  did  it,  and  the  present  suggestion  that  the 
section  now  pass  under  the  direction  and  control  of  the  War  Department  grows  out  of 
the  fact  that  the  whole  subject  of  gas  warfare  has  assumed  a  fresh  pressure  and  inten- 
sity, and  the  director  of  it  must  have  the  widest  control  so  as  to  oe  able  to  use  the 
resources  at  his  command  in  the  moat  effective  way  possible.  The  proposal  does  not 
involve  the  disruption  of  the  fine  group  of  scientific  men  Dr.  Manning  has  brought 
together,  but  merely  their  transfer  to  General  Sibert's  direction. 

Respectfully  yours, 

Nbwton  D.  Baksb. 
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DeT«lopinent  of  Gu  Varfare  Work  by  tha  Buraan  of  Hines 

The  Bureau  of  Mines,  in  its  vork  on  raining  problems,  has  made  a 
3hidy  of  poisonous  and  explosive  gases,  the  use  of  rescue  apparatus  and 
masks  of  various  kinds  for  entering  and  exploring  noxious  atmospheres, 
methods  of  treatment  of  gas  cases,  and  other  matters  pertaining  to  these 
problems.  This  work  has  extended  over  a  period  of  about  10  years. 
Many  publications  have  been  issued  by  the  Bureau  on  these  subjects  and 
many  practical  results  have  been  obtained. 

Early  in  February,  1917,  when  war  between  the  United  States  and 
the  Central  Powers  seemed  inevitable,  the  Bureau  of  Mines  called  the 
attention  of  the  War  Department  to  the  already  existing  technical  or- 
ganization in  the  Bureau,  for  the  study  of  poisonous  gases  in  mines,  gas 
masks,  etc.,  and  ofEered  the  facilities  of  the  Bureau  to  the  War  Depart- 
ment for  this  work.  A  meeting  was  arranged  between  representatives 
of  the  Bureau  and  the  War  College.  At  this  conference  the  War  Depart- 
ment enthusiastically  accepted  the  offer  of  the  Bureau  of  Mines  and 
agreed  to  support  the  work  in  every  way  possible. 

The  Director  of  the  Bureau  of  Mines  immediately  directed  investi- 
gations on  these  war  problems,  and  until  July  1,  1917,  carried  the  work 
along  with  funds  of  the  Bureau.  The  hrst  work  was  done  on  the  devel- 
opment of  gas  masks.  On  July  1,  1917,  the  staff  consisted  of  50  paid 
investigators  and  the  work  had  expanded  from  gas  mask  research  to  the 
study  of  poison  gases  and  chemical  warfare  appliances  for  offense  purposes. 

In  order  to  enlist  the  cooperation  of  the  universities  and  research  in- 
stitutions in  the  United  States,  personal  visits  were  made  to  practically 
all  of  the  important  ones.  The  response  was  most  gratifying.  Up  to 
the  present  time  some  extremely  important  work  has  come  out  of  these 
universities  and  institutions. 

On  April  6,  1917,  the  following  committee  on  gases  used  in  warfare 
was  formed  by  the  National  Research  Council  for  the  purpose  of  co- 
operating with  the  Bureau  of  Mines  in  connection  with  this  work; 

V»!j  H.  Manning,  Choixmtui Director,  U.  S,  Bureau  ot  Mines. 

UeoroeE.  Hale  <Ex-Officio) Mrector,  Mt.  Wilson  Solar  Observatory. 

National  lUsearch  Council 
Lt.-Col.  R.  A.  MiujKAN  (Ex-OfGcio) Science  and    Research  Division,   Signal 

National  Reaearcb  Council  Corps. 

Cam,  L.  Alsbbbo Chief,  Bureau  of  Chemistry,  U.  S.  Depart- 
ment ot  Agriculture. 

Maj.  Earl  J.  Atkisbon Corps  of  Engineers,  U.  S.  A. 

la.-CoL.  Marston  T.  Booert Chemical  Service,  N.  A. 

I/T.-CoL.  Bbadlbt  Dbwbt Gas  Defense   Service,  Surgeon  General's 

Office. 

A.  H.  Marks Director,  Gas  Service,  U.  S.  A. 

Ubct.  Joseph  R.  Phelps P.  A.  Surgeon,  Bu^au  of  Medicine,  and 

Sui^ry,  U.  8.  N. 

Lt.  Col.  Earl  J.  W.  Raosdale Bureau  of  Ordnance,  U.  S.  A. 

Lntrr,  T.  W.  Wilxinson Bureau  of  Ordnance,  U.  S.  N. 

This  committee  has  worked  in  hearty  cooperation  with  the  Bureau 
of  Mines. 

Until  August,  1917,  the  Bureau  of  Mines  also  supervised  the  construc- 
tion of  gas  masks. 
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On  Nov.  7,  1917,  Secretary  Lace  appointed  the  following  AdviBory 
Board  to  the  Director  of  the  Bureau  of  Minee  on  war  problems, 

Dr.  Wm.  H.  Nicholb  Prof.  H.  P.  Talbot 

Peof.  E.  C.  Franklin  Dr.  F.  P.  Venablb 

Dr.  C.  L.  Parsons  Dr.  Ira  Reusbn 

Mb.  Wu.  Hoseins  Prof.  T.  W.  Richards 

Since  that  date  the  Board  acted  in  an  advisory  capacity  to  the  Di- 
rector on  the  gas  work,  both  as  individuals  and  as  a  body.  The  Board 
first  met  on  Dec.  17,  1917,  and  visited  the  laboratories  and  consulted 
with  the  research  staff.  They  were  also  given  a  demonstration  of  the 
work  in  progress  and  full  reports  were  made  to  the  Board  by  all  section 
chiefs.  A  second  meeting  was  held  May  15  and  16,  1918,  when  the  work 
was  again  reviewed. 

It  was  finally  decided  that  the  Bureau  of  Mines  would  remain  as  a 
research  organisation,  making  recommendations  to  the  Army  and  Navy- 
regarding  the  kinds  of  masks  and  nature  of  gases  to  be  used,  together 
with  their  method  of  manufacture,  and  that  the  construction  of  the  mask 
proper  should  be  transferred  to  the  Surgeon-General's  Office  of  the  Army. 
The  organization  working  for  the  Bureau  of  Mines  was  turned  over  to 
this  department  of  the  Army  and  formed  the  nucleus  of  the  present  huge 
organization  working  on  the  construction  of  gas  masks  and  other  appli- 
ances for  gas  defense. 

On  Sept.  15, 1917,  many  of  the  experimenters  working  for  the  Bureau 
of  Mines  on  war  gas  problems  moved  into  the  present  headquarters  of 
the  organization  at  the  American  University,  on  the  outskirts  of  Washing- 
ton. The  University  authorities  turned  over  the  use  of  two  large  build- 
ings at  this  place,  rent  free,  but  with  the  proviso  that  some  of  the  altera- 
tions and  additions,  necessary  for  the  proper  conduct  of  the  work,  would 
be  permanent  and  become  the  property  of  the  University  after  the  war 
was  over.  The  lease  of  the  buildings  and  grounds  of  the  University  ex- 
tends to  a  period  two  years  from  July  1,  1917,  or  during  the  war  if  it 
should  extend  beyond  the  two-year  period. 

In  December,  1917,  a  chemical  corps  was  established  in  the  National 
Army  and  a  part  of  the  unit  was  sent  to  France.  This  unit  is  composed 
largely  of  men  trained  in  the  Bureau  of  Mines'  organization.  In  Decem- 
ber, also,  a  staff  of  chemical  engineers,  working  for  the  research  organiza- 
tion of  the  Bureau  of  Mines,  developing  processes  for  manufacturing 
gases,  was  transferred  to  the  Bureau  of  Ordnance  of  the  War  Depart- 
ment and  formed  the  nucleus  of  the  present  organization  building 
huge  plants  for  the  manufacture  of  poison  gases.  Another  organization, 
which  had  its  inception  under  the  Bureau  of  Mines,  and  has  for  its  head 
a  man  who  worked  for  the  Bureau  and  received  his  training  on  noxious 
gas  methods,  is  the  proving  ground  unit  of  the  War  Department,  estab- 
lished at  Gunpowder  Neck,  for  actually  trying  out  gases  on  an  artillery 
scale  after  they  have  been  studied  by  the  research  organization. 

The  personnel  of  the  research  organization  also  included  a  group 
working  on  chemical  warfare  devices.  These  substances  include  aero- 
plane gas  bombs,  signal  lights,  smoke  screens  to  screen  merchant  ships 
from  enemy  submarines,  gas  shells,  incendiary  shells,  gas  bombs,  trench 
projectors  for  firing  gas  bombs,  flaming  guns,  etc.,  and  important  recom- 
mendations have  gone  from  the  research  organization  covering  such  mate- 
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rials  which  have  been  adopted  by  departments  of  the  Army  and  Navy 
interested  and  put  into  production. 

By  reason  of  the  work  of  the  Bureau  of  Mines  in  inaugurating 
the  gas  warfare  prt^am  with  the  hearty  support  of  the  Army  and  Navy 
Departments,  the  National  Itesearch  Council,  state,  educational,  and 
private  institutions,  we  are  undoubtedly  months  ahead  of  where  we  would 
otherwise  have  been;  our  soldiers  have  gas  masks,  and  will  have  gases 
with  which  to  combat  the  Germans.  Further,  the  developments  in 
gas  mask  manufacture  by  the  Surgeon  General's  Office  of  the  Army,  in 
gas  manufacture  and  gas  proving  ground  testa  by  the  Bureau  of  Ord- 
nance, and  in  the  chemical  warfare  program  of  the  Navy,  including  the 
use  of  smoke  screens,  shells,  toxic  gases,  etc.,  are  the  results  from  this 
experimental  work. 

The  scientific  achievements  of  the  Bureau  of  Mines  have  been  many, 
but  the  results  cannot  be  given  at  this  time  for  reasons  that  are  obvious. 
It  is  sufficient  to  say  that  due  to  the  energy  of  the  research  organization 
of  the  Bureau  of  Mines,  the  large-scale  production  of  toxic  gases  is  far 
ahead  of  the  supply  of  shells. 

The  Advisory  Chemical  Board  said  of  the  work  being  done  by  the 
Bureau  of  Mines:  "The  efficiency,  success,  fine  spirit,  and  enthusiasm 
under  the  leadership  of  the  Bureau  of  Mines  is  a  matter  upon  which  we 
Irish  to  congratulate  the  Bureau,  as  welt  as  upon  the  splendid  group  of 
unselfish,  seQ-sacrificing  men  who  carried  on  this  arduous  and  dangerous 
work." 

At  that  time,  before  the  transfer  of  the  work,  the  Chemical  Board 
added:  "The  organization  is  complex  and  delicate  but  well  articulated 
and  working  with  an  efficiency  and  enthusiasm  which  has  impressed  us 
greatly." 

Great  credit  should  go  to  the  scientific  men  of  the  country  who  re- 
sponded so  willingly  and  so  generously  to  the  call  for  assistance  in  the 
very  early  days  of  the  war.  They  made  possible  the  creation  of  perhaps 
a  unique  and  very  complete  organization  which  has  already  accomplished 
wonderful  things  in  behalf  of  the  War  Department.  The  organization 
now  includes  more  than  1800  chemists  and,  of  course,  among  them  the 
leading  chemists  of  the  United  States.  The  gas  warfare  work  is  one  of 
the  few  imdertakings  that  has  not  met  with  the  criticism  of  delay.  The 
Bureau  of  Mines,  through  its  knowledge  of  gases  in  mines  and  rescue 
work  had  a  small  nucleus  of  experts  who  went  right  after  this  work  from 
the  very  start  and  at  a  time  when  the  War  Department  was  almost  over- 
whelmed with  other  important  problems.  The  Bureau  of  Mines  takes 
a  little  credit  because  its  own  engineers  and  chemists  were  ready  and  went 
ahead  with  important  work,  using  its  own  funds  until  such  time  as  the 
Army  and  Navy  Departments  were  able  to  come  to  its  rescue.  For  this 
reason,  the  work  is  far  in  advance  of  what  it  would  have  been  otherwise. 
Van  H.  Manning,  Dired&r. 


^abyGoOgW 


xiv  Monthly  Bdilbtin  No.  141,  Sbptbiubbk,  1918 

AMERICAN  SHIPS 

The  following  letter  haa  been  received  from  the  Chairman  of  the 
United  States  Shipping  Board, 

Auguflt  1,  isie. 
American  Institute  of  Mining  Engineers, 

New  York,  N.  Y. 
Gektleioin: 

I  am  ^oing  to  call  upon  your  arganiiatioD  for  some  teamwork. 

The  time  has  come  for  Americans  everywhere  to  put  themselveB  solidly  behind 
American  ships. 

Our  railroads  muat  no  longer  atop  at  the  ocean.  We  are  building  an  Americau 
merchant  fleet  of  twenty-five  million  tons — three  thousand  ships.  We  are  backing 
modem  ehtps  with  modem  port  facihtiea,  establishing  our  bunkerins  stations  all  over 
the  globe  and  wilt  operate  with  American  railroad  efficiency.  We  wQl  carry  Americau 
cargoes  at  rates  corresponding  to  our  railroad  rates — the  cheapest  in  the  world.  Fast 
American  paasenger-and-cargo  liners  will  run  regularly  to  every  port  in  Latin  America, 
the  Orient,  Africa,  Australia. 

Are  vou  taking  steps  to  use  these  ships  to  increase  your  own  prosperity?  Do  you 
realize  that  American  products  of  factory,  farm  and  mine  can  be  delivered  to  customers 
in  foreign  countries  on  terms  which  will  build  lasting  trade? 

Do  you  realize  the  possibilities  for  bringing  back  raw  materials  to  extend  your  prod- 
ucts and  trade? 

We  must  all  take  o5  our  coats  and  work  to  bring  these  American  ships  home  to 
the  people  of  every  American  interest  and  community.  The  manufacturer  must  think 
of  customers  in  Latin  America  as  being  as  accessible  as  those  in  the  next  state.  The 
farmer  must  visualize  ships  carrying  his  wheat,  cotton,  breeding  animals,  dairy 

Rroducts  and  fruit  to  new  world  markets.     The  American  boy  must  think  of  ships  and 
ireiKn  countries  when  he  chooses  a  calling. 
Has  your  organization  appointed  a  live  committee  on  Merchant  Marine? 
Is  the  Chairman  of  this  committee  a  man  of  international  vision? 
Are  you  applying  the  new  world  vision  to  the  interests  represented  in  your  organi- 
zation and  leammg  what  ships  can  do  toward  widening  your  markets? 

These  are  Your  ships.  It  is  your  duty  to  bring  them  close,  regard  them  as  new 
railroads,  spread  knowledj^e  about  them  through  investigation,  meetings,  discussion. 
Public  neglect  ruined  our  old  mercantile  marine.  Congress  was  not  to  blame — 
it  simply  reflected  the  indifference  toward  ships  of  the  average  American.  Once 
more  we  have  a  real  American  merchant  fleet  under  way,  backed  by  far  reaching  poli- 
cies for  efficient  operation.  We  must  dispel  indifference  and  keep  our  flag  on  the 
trade  routes  of  the  world.  We  are  going  to  take  trade  from  no  other  nation.  But 
we  must  serve  our  own  customers  and  help  other  nations  in  their  ocean  transportation 
problems  after  the  war. 

1  want  to  hear  personally  from  your  organization.     These  are  precious  days  of 
opportunity.     The  nation  is  united  for  teamwork  and  service.     Let  iie  "Wake  Up, 
America  I  "—which  mesne  waking  up  ourselves.     I  expect  vou  to  write  me  outlinmg 
your  views  and  making  any  suggestions  that  you  think  will  be  helpful  in  our  work. 
With  personal  good  wishes,  1  am 
Yours  very  sincerely, 

Edward  N.  Hdrlbt,  Chairman. 


SAVINGS  V8.  SAVAGERY 
By  Rudyud  Kipling 

Through  the  courtesy  of  the  British  Museum  of  Natural  History 
we  have  received  a  copy  of  an  address  delivered  by  Rudyard  Kipling 
at  Folkestone,  Feb.  15,  1918.  We  take  pleasure  in  reproducing  it  in 
full,  because  its  sentiments  are  just  as  appropriate  here  and  now  as  they 
ever  were. 

If  you  will  allow  me,  I  will  t«ll  you  a  story.  Once  upon  a  time,  a  hundred  years 
ago,  there  was  a  large  and  highly  organised  community  in  India  who  lived  by  assaes- 
ination  and  robbery.     They  were  educated  to  it  from  their  infancy;  they  followed  it 
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as  a  profesaioD,  and  it  was  also  their  religion.  They  were  called  Thugs.  Their 
method  waa  to  diseuiae  themselves  ae  pilgrims,  or  travellers,  or  merchants,  ajid 
to  join  with  parties  of  pilgrims,  travellers,  and  merchants  moving  about  India.  They 
got  into  the  confidence  of  their  victims,  found  out  what  they  had  on  them,  and 
m  due  time — after  weeks  or  montha  of  acquaintance — they  kdled  them  by  giving 
them  poisoned  foods — sweetmeats  for  choice—or  by  strangling  them  from  be- 
hind as  they  aat  over  the  fire  of  an  evening,  with  a  knotted  towel  or  a  specially  pre- 
pared piece  of  rope.  They  then  stripped  the  corpse  of  all  valuables,  threw  it  down 
a  well  or  buried'it,  and  went  on  to  the  next  job. 

At  last  things  ^ot  so  bad  that  the  Government  of  India  bad  to  interfere.  like 
all  Governments,  it  created  a  Department — the  Department  of  Thuggee — to  deal 
with  the  aituation.  Unlike  moat  Departments,  this  Department  worked  well,  and 
after  many  years  of  tracking  down  and  hanging  up  the  actual  murderers,  and  im- 
prisoning their  spies  and  confederates,  who  included  all  ranks  of  society,  it  put 
an  end  to  Che  whole  biisine«8  of  Thuggee. 

The  world  has  progreased  since  that  day.  By  present  standards  of  crime  those 
Thugs  were  inefiective  amateurs.  They  did  not  mutilate  or  defile  the  bodies  of 
the  dead;  they  did  not  torture,  or  rape,  or  enslave  people:  they  did  not  kill  children 
for  fun,  and  they  did  not  bum  villages.  They  merely  killed  and  robbed  in  an  un- 
obtrusive way  as  a  matter  of  education,  duty,  and  rd^;ion,  under  the  patronage  of 
their  goddess,  Kali  the  Destroyer.     Very  good. 

Gennan  Intematioiial  Thuggee 

At  the  present  moment  all  the  Powers  of  the  world  that  have  not  been  bullied  or 
bribed  to  keep  out  of  it  have  been  forced  to  join  in  one  International  Department 
to  m^e  an  end  of  German  international  ThuEgee,  for  the  reason  that  if  it  is  not 
ended  life  on  this  planet  becomea  inaupportable  for  human  beinga.  Even  now 
there  are  people  in  England  who  find  it  hard  to  realise  that  the  Hun  has  been  edu- 
cated by  the  State  from  his  birth  to  look  upon  assassination  and  robbery,  em- 
bellished with  every  treachery  and  abomination  that  the  mind  of  man  can  labour- 
ioualy  think  out,  as  a  perfectly  Intimate  means  to  the  national  ends  of  his  country. 
He  is  not  ahocked  by  tnese  things.  He  has  been  taught  that  it  is  his  business  to  per- 
form them,  his  duty  to  support  them,  and  hia  religion  to  juatify  them.  They  are, 
And  for  a  long  time  paat  tliey  have  been,  aa  legitimate  in  hia  eyes  as  the  ballot  in 
ouis.     This,  remember,  was  aa  true  of  the  German  in  1914  as  it  is  now. 

People  who  have  been  brought  up  to  make  organised  evil  in  every  form  their 
supreme  good,  because  they  beheve  that  evil  will  pay  them,  are  not  going  to  change 
their  belief  till  it  ia  proved  that  evil  does  not  pay.  So  far,  the  Hun  beUeves  that 
evil  has  paid  him  in  the  past,  SJid  will  pay  him  better  in  the  future.  He  has  had  a 
good  start.  Like  the  Thug,  the  Hun  knew  exactly  what  ho  meant  to  do  before  he 
opened  his  campaign  against  mankind.  As  we  have  proof  now,  his  poisoned  sweet- 
meats and  knotted  towels  were  prepared  years  befor^and,  and  hia  spies  had  given 
him  the  fullest  information  about  all  the  people  he  intended  to  attack.  So  ne  is 
doing  what  is  right  in  his  own  eyes.  He  thought  out  the  hell  he  wished  to  create; 
he  built  it  up  aenoualy  and  scientifically  with  his  best  hands  and  brains;  he  breathed 
into  it  hia  own  spirit  that  it  might  grow  with  his  needs:  and  at  the  hour  that  he  judged 
best  heletitiooeeonaworld  that  till  then  had  believed  there  were  limits  beyond  which 
men  bom  of  women  dared  not  ain. 

When  the  Veil  is  Lifted 

Nine-teutba  of  the  atrocities  Germany  has  committed  have  not  been  made  public. 
I  think  thia  a  mistake.  But  one  gets  hmts  of  them  here  and  there — Folkestone  has 
IimI  more  than  a  bint.  For  instance,  we  were  told  the  other  day  that  more  than  14,000 
Enclish  non-combatants — men,  women,  and  children— had  teen  drowned,  burned, 
or  mown  to  pieces  since  the  war  began.  But  we  have  no  conception— and  till  the  veil  is 
lift«d  after  the  war  we  shall  have  no  conception — of  the  range  and  system  of  these 
atrocities.  Least  of  all  shall  we  realise,  as  they  realise  in  Belgium  and  occupied 
France  just  acroas  the  water,  the  cold  organised  miseries  which  Germany  has  laid 
upon  the  populations  that  have  fallen  into  her  hands,  that  ahe  might  break  their 
bodies  and  defile  their  souls.  That  is  part  of  the  German  creed.  What  underatanding 
is  possible  with  a  breed  that  has  worked  for  and  brought  about  these  things?  And 
BO  long  ss  the  Germans  are  left  with  any  excuse  for  thinking  that  such  things  pay, 
can  any  peace  be  made  with  them  in  which  men  can  trust?    None.     For  it  is  the 
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peculiar  essence  of  GennfiQ  Iniltur,  which  is  the  German  religion,  that  it  is  Germany's 
moral  duty  to  break  every  tie,  every  restriction,  that  binds  man  to  fellow-man,  if  she 
thinks  it  will  pay.  Therefore  all  mankind  is  against  her.  Therefore  all  mankind 
must  be  against  her  till  she  learns  that  no  race  can  make  its  way  or  break  it«  way 
outside  the  borders  of  humanity. 

"A  Hell  Wtfliout  Hope" 

The  more  we  have  suffered  in  this  war  the  more  clearly  do  we  gee  this  necessity. 
Our  hearts,  our  reason,  every  instinct  in  us  that  lifts  us  above  the  mere  brute,  shows 
us  that  the  war  must  go  on.  Otherwise  earth  becomes  a  hell  without  hope.  The 
men,  the  ships,  the  munitions  must  go  forward  to  the  war,  and  behind  them  must 
come  the  money,  without  which  nothing  can  move.  Where  our  hearts  are  there  must 
our  treasure  be  also. 

There  has  been  a  neat  deal  of  money  spent  in  England  lately,  several  millions 
a  day  for  the  last  twelve  hundred  days.  That  means  that  many  people  have  had 
the  chance  of  earning  more  money — in  some  cases  very  much  more  money — than 
they  could  have  earned  in  peace  time.  But  all  the  money  in  the  world  is  no  use 
to  &  man  or  his  country  if  he  spendH  it  as  fast  as  be  gete  it.  All  he  has  left  is  hia 
bills  and  the  reputation  of  being  a  fool,  which  he  can  get  much  more  cheaply  in 
other  ways.  There's  nothing  fine  or  funny  in  throwing  away  cash  on  things  you  don't 
want  merely  because  the  cash  is  there.  We've  all  done  it  in  our  time  and  we've  all 
had  to  pay  for  it.  The  man  who  says  he  never  worries  about  money  is  the  man  who 
has  to  worry  about  it  most  in  the  long  run,  and  goodness  knows  there's  enough  worry 
in  the  world  already  without  our  going  out  of  our  way  to  add  to  it.  Just  now  we  all 
have  the  opportunity  of  protecting  ourselves  against  private  and  public  anxieties  by 
investing  as  much  as  ever  we  can  m  War  Loans. 

"Hon«r  Sits  Up  All  Through  the  Year" 

Money  is  a  curious  article.  Have  you  ever  thought  that  invested  money  is  the 
only  thing  in  the  world,  outside  the  Army,  the  Navy,  and  the  Mercantile  Marine, 
that  will  work  for  you  while  you  sleep?  Eveiything  else  knocks  off,  or  goes  to  bed, 
or  takes  a  holiday  at  intervals,  but  our  money  gits  up  all  through  the  year,  work- 
ing  to  fetch  in  the  5  per  cent,  interest  that  the  Government  gives  on  every  pound  it 
borrows  from  us.  I  am  not  a  financier.  But  I  do  know  that  much,  and  I  do  know 
that  a  man  who  has  an  income,  however  small,  from  money  he  has  saved,  is  free  of 
worrj-  and  anxiety  for  himself,  hia  wife,  and  his  children,  up  to  the  extent  of  that 
income.  It  gives  him  self-respect,  a  more  even  temper,  a  reason  for  looking  at  the 
future  with  calm  and  confidence.  A  man  who  has  wasted  or  muddled  all  his  payat 
the  end  of  the  week  is  the  servant  of  the  whole  world  for  his  next  week's  pay.  The 
man  who  has  his  bit  in  hand  is  independent  of  the  world  as  far  as  that  bit  goes,  and 
that  knowledge  at  the  back  of  one's  head  must  make  life  a  different  affair  to  every 
think in{(  man  or  woman. 

Savings  represent  much  more  than  their  mere  money  value.  They  are  proof  that 
the  saver  is  worth  something  in  himself.  Any  fool  can  waste,  any  fool  can  muddle; 
but  it  takes  something  of  a  man  to  save,  and  the  more  he  saves  the  more  of  a  man 
does  it  make  him.  Waste  and  extravagance  unsettle  a  man's  mind  for  every  crisis; 
thrift,  which  means  some  form  of  self-restraint  and  continence,  steadies  it.  And  we 
need  steady  minds  just  now. 

Remember,  too,  that  everything  we  wast«  in  the  way  of  manufactured  goods, 
from  a  match  upward,  as  well  as  everything  we  buy  that  isn't  absolutely  neces- 
sary to  get  on  with,  means  diverting  some  man  or  woman's  time  and  energy  from 
doing  work  connected  with  the  war.  And  war  work,  which  means  suppliee,  food, 
munitions,  ships,  is  the  only  thing  that  is  of  the  least  importance  now.  Eveiything 
outside  that  necessity  is  danger  and  waste. 

So  you  see  we  are  all  in  a  splendid  position  to  invest.  N^ot  only  is  there  more 
money  going  about  and  fewer  things  to  buy  with  it,  but  it  is  also  wrong  to  spend 
money  on  what  there  is  available.  The  road  has  been  cleared  of  all  obstacles  to 
saving.  The  interest  on  what  we  save  helps  to  make  us  personally  independent; 
the  money  we  lend  to  the  Government  helps  to  set  our  land  and  our  world  free. 
Our  security  for  our  loan  is  not  only  the  whole  of  the  British  Empire,  but  also  the 
whole  of  civilisation,  which  has  pooled  its  resources  in  men,  money,  and  material  to 
cany  on  this  war  to  victory.  Nothing  else  under  heaven  matters  to-day  except  that 
the  war  should  go  on  to  that  end. 
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The  Personal  War  Aim 

From  time  to  time  the  rejjreaentativee  of  the  Allies  meet  together  and  lay  down 
what  the  war  aims  of  the  Allies  are.  From  time  to  time  our  Btateemea  repeat  them. 
They  all  agree  we  are  fighting  for  freedom  and  liberty,  for  the  right  of  small  States  to 
exist,  and  for  nations  to  decide  for  themselves  how  they  are  to  be  governed.  All 
this  we  understand  and  perfectly  believe.  That  is  the  targe  view  of  the  situation. 
What  is  the  personal  aspect  of  the  case  for  you  and  me?  We  are  ^hting  for  our 
lives,  the  lives  of  every  man,  woman,  and  child,  here  and  everywhere  else.  We  are 
fighting  that  we  may  not  be  herded  into  actual  slavery  such  as  the  Germans  have 
established  by  force  of  their  arms  in  large  parts  of  Europe.  We  arefiehtina  against 
ei^ht«en  hours  a  day  forced  labour  under  the  lash  or  at  the  point  of  the  bayonet, 
with  a  dog's  deatii  and  a  dog's  burial  at  the  end  of  it.  We  are  fighting  that  men, 
women,  and  children  may  not  be  tortured,  burned,  and  mutilated  in  the  public  streets, 
as  has  happened  in  this  town,  and  in  hundreds  of  others.  And  we  will  f(0  on  fighting 
till  the  race  that  has  done  these  things  is  in  no  position  to  continue  or  repeat  the 
offence. 

If  for  any  reason  whatever  we  fall  short  of  victory — and  there  is  no  half-way  house 
between  victory  and  defeat — what  happens  to  us?  This.  Every  relation,  every  un- 
derstandinitj  every  decency  upon  which  civilisation  has  been  so  anxiously  built  up 
will  go — will  be  washed  out,  because  it  will  have  been  proved  unable  to  endure. 
The  whole  idea  of  Democracy — which  at  bottom  is  what  the  Hun  fights  against — 
will  be  dismissed  from  men's  minds,  because  it  will  have  been  shown  incapable 
of  maintaining  itaelf  against  the  Uun.  It  will  die;  and  it  will  die  discredited,  to- 
gether with  every  belief  and  practice  that  is  based  on  it.  The  Hun  ideal,  the  Hun 
root-notions  of  life,  will  take  its  place  throughout  the  world. 


U  We  Fail 

Under  that  dispensation  man  will  become  once  more  the  natural  prey,  body 
and  goods,  of  his  better-armed  neighbour.  Women  will  be  the  mere  instrument  for 
continuing  the  breed:  the  vessel  of  man's  lust  and  man's  crueltv;  and  labour  will 
become  a  thing  to  be  knocked  on  the  head  if  it  dares  to  give  trouble,  and  worked  to 
death  if  it  does  not.  And  from  this  order  of  life  there  will  be  no  appeal,  no  possi- 
bility of  any  escape. 

Thia  is  what  the  Hun  means  when  he  says  he  intends  to  impose  German  kultur 
— which  is  the  German  religion — upon  the  world.  This  is  precisely  what  the  world 
has  banded  itself  together  to  resist.  It  will  take  every  ounce  in  us;  it  will  try  us  out 
to  the  naked  soul.  Our  trial  will  not  be  made  less  by  the  earnest  advice  and  sug- 
gestions that  we  should  accept  some  sort  of  compromise,  which  means  defeat,  put 
forward  by  Hun  agents  and  confederates  among  us.  They  are  busy  in  that  direction 
already.  But  be  sure  of  this:  Nothina — nothmg  we  may  have  to  endure  now  will  ■ 
weigh  one  featherweight  compared  with  what  we  shall  most  certainly  have  to  suffer 
if  for  any  cause  we  fail  of  victory. 


DR.  DOUGLAS'  MUNIFICENT  BEQUEST  TO  THE  INSTITUTE 

Dr.  James  Douglas,  who  ie  memorialized  on  another  page  of  this 
Bulletin,  who  held  a  place  in  the  affections  and  regard  of  Institute 
members  second  to  that  of  no  other  living  man,  left  in  his  will  the  sum  of 
$100,000  for  the  maintenance  of  the  Library  of  the  American  Institute 
of  Mining  Engineers.  This  is  in  addition  to  the  $100,000  which  Dr. 
Douglas  gave  during  his  lifetime.  We  believe  that  it  ie  Dr.  Douglas' 
wish  that  the  library,  the  great  means  by  which  the  benefits  of  Institute 
membership  may  be  extended  to  those  distant  from  headquarters,  should 
be  maintained  by  the  Institute  at  the  highest  possible  level  of  efficiency 
and  serviceability. 
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MINING  AND  METALLURGICAL  INDEX 

With  this  issue  of  the  Bulletin,  the  Institute  puts  into  operation  a 
plan  which  it  has  long  had  under  consideration  for  enlarging  its  field  of 
usefulness  to  its  members.  We  refer  to  the  Index  to  periodical  literature 
bearing  on  mining,  metallurgy,  and  related  subjects,  which  will  be  found 
in  the  advertising  section  at  the  end  of  the  Bulletin,  The  Index  is  printed 
on  alternate  pages  so  that  anyone  who  desires  to  compile  a  card  index 
can  readily  clip  the  items  and  paste  tbem  onto  cards. 

By  its  affiliation  with  the  Engineering  Societies  Library,  the  Institute 
possesses  unexcelled  facilities  for  the  preparation  of  this  Index,  since 
practically  every  important  engineering  or  technical  paper  published 
anywhere  in  the  world  is  regularly  received  by  the  library.  The  items 
for  publication  in  the  Index  are  first  selected  by  the  library  staff,  but  their 
final  approval  and  their  order  of  arrangement  remains  in  the  hands  of 
the  editor. 

A  word  should  be  said  in  explanation  of  the  system  of  classification  that 
has  been  adopted.  It  will  be  noted  that  the  classification  is  extremely 
broad,  no  attempt  having  been  made  to  gather  the  references  into  closely 
specialized  groups.  Our  reason  for  breaking  away  from  the  modern 
tendency  toward  minute  specialization  is  based  upon  the  fact  that  the 
fundamental  principles  underlying  all  engineering  are  not'  by  any  means 
80  diversified  as  has  commonly  been  supposed.  For  example,  it  is  not 
at  all  unlikely  that  an  engineer  engaged  in  large-scale  ore  mining  in  the 
Southwest  can  profit  by  observing  the  methods  employed  by  hia  colleagues 
in  the  Pennsylvania  coal  mines.  It  is  notorious  ^so  how  extensively  the 
brotherhood  of  chemical  engineers  has  profited  by  the  earlier  experiences 
of  the  ore-dressing  and  metallurgicaJ-engineers.  If  the  Index  were  min- 
utely sub-divided,  it  would  always  be  possible  that  the  coal-mining 
engineer,  for  example,  might  fail  to  observe  a  most  important  paper  be- 
cause it  happened  to  be  listed  under  the  head  of  iron  mining,  for  this 
reason,  mining  practice  in  general  is  consolidated  under  one  head.  The 
same  line  of  reasoning  applies  to  other  divisions  as  well. 

In  order  to  make  the  Index  of  practical  value  to  all  members  of  the 
.  Institute,  wherever  they  may  be  situated,  the  library  will  undertake  to 
supply,  for  a  nominal  charge,  an  abstract,  a  translation,  a  typewritten 
copy,  a  photostat  copy,  or  the  original  of  any  article  in  the  Index.  Re- 
quests for  service  of  this  character  should  be  addressed  directly  to  the 
Engineering  Societies  Library,  29  West  39th  St.,  New  York. 

Members  are  urged  to  cooperate  toward  the  success  of  this  new  de- 
parture by  sending  us  suggestions.  Although  every  effort  has  been  made 
to  anticipate  the  wishes  of  the  members,  it  is  almost  impossible  to  foretell 
what  services  may  be  most  useful  to  our  7000  constituents.  Furthermore, 
it  is  known  that  some  men  prefer  one  method  of  classification  while  others 
would  find  another  method  more  convenient. 

We  ask  members  to  bear  in  mind  that  this  work  is  costly,  and  that  the 
efforts  of  the  Secretary  during  several  years  to  get  the  Index  started  have 
been  opposed  by  those  who  declared  that  it  was  beyond  the  financial 
ability  of  the  Institute  to  carry  it  through.  The  Secretary  believes  that 
the  Index  will  become  so  valuable  to  our  members  that  the  necessary 
expense  will  be  deemed  justifiable  by  the  Board  of  Directors,  and  he  hopes 
that  the  plan  may  be  expanded  to  still  greater  usefulness  to  the  members 
distant  from  headquarters,  as  soon  as  we  have  had  an  opportunity  to 
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prove  its  value.  Numerous  bibliographicB,  indexes,  and  systems  of  ab- 
stract have  been  attempted  in  the  post,  but  few  have  survived,  the  chief 
cause  of  failure  having  been  financial.  Do  the  engineers  desire  services 
of  this  kind  enough  to  justify  the  Institute  in  continuing  the  work? 

As  we  go  to  press,  the  Editors  already  have  in  mind  certain  changes 
in  the  style  of  presentation,  aiming  to  facilitate  reference  to  the  Index, 
which  wm  be  put  into  effect  in  the  next  issue. 


FOURTH  NATIONAL  EXPOSITION  OF  CHEMICAL  INDUSTRIES 

Present  indications  are  that  the  Fourth  National  Exposition  of  Chem- 
ical Industries,  to  be  held  in  Grand  Central  Palace,  New  York,  Sept.  23  to 
28,  will  be  the  greatest  exhibition  of  its  kind  ever  held.  Preparations 
are  well  under  way  and  the  advisory  committee  is  working  hard  to  make 
every  department  of  the  affair  a  success. 

Men  prominent  in  the  chemical  and  allied  industries  willispeak  on 
subjects  vital  to  present  conditions  and  needs.  Dr.  C.  H.  Herty,  and 
Dr.  G.  W.  Thompson,  President  of  the  American  Institute  of  Chemical 
Engineers,  are  to  make  opening  addresses.  F.  J,  Tone,  President  of  the 
American  Electrochemical  Society;  Dr.  W.  H,  Nichols,  President  of  the 
American  Chemical  Society,  and  several  others,  are  expected  to  make 
addresses  also.  Prof.  Joseph  W.  Richards  wilt  speak  on  'Ferro-alloys 
of  EiLicon,  tungsten,  uranium,  vanadium,  molybdenum,  and  titanium." 
Theodore  Swann,  President  of  the  Southern  Manganese  Corporation 
will  speak  on  ''Ferro-manganese." 

The  program  for  the  exposition  is  in  active  preparation.  There  will 
be  a  series  of  symposiums  on  the  "Development  of  Chemical  Industries 
in  the  United  States,  notably  since  July,  1914."  Among  other  topics 
for  consideration  is  that  of  potash  development;  C.  A.  Kiggins, 
of  the  Hercules  Powder  Company,  will  speak  of  the  operations  of  that  com- 
pany in  the  recovery  of  potash  from  kelp;  Linn  Bradley,  of  the  Research 
Corporation,  on  its  recovery  from  cement  dust,  and  other  sources,  by 
electrical  precipitation. 

Other  symposiums  will  be  devoted  to  chemical  engineering,  acids, 
industrial  organic  chemistry,  the  ceramic  industries,  and  the  metal  indus- 
tries.   Among  the  speakers  are : 

A.  Hough.— "Chemioal  Engineering  in  Explosives:  TNT;  TNA;  Picric  A-id;  and 
Nitrobeniol." 

E.  J.  Pranke. — "Development  of  Nitric  Acid  Manufacture." 

S.  P.  Sad  tier.— "Development  ot  Industrial  Organic  Chemistry." 
Geo.  H.  Tomiinson. — "Wood  as  a  Source  of  Ethyl  Alcohol." 
C.  A.  Higgins. — "Kelp  aa  a  Source  of  Organic  SolventB," 
Alcan  Hirsch. — "Pyrophoric  Alloys." 

The  American  Ceramic  Society,  which  will  hold  its  meeting  at  the 
Exposition  on  Thursday  afternoon,  Sept.  26,  has  already  upon  its  pro- 
gram the  following: 

A.  V.  Bleininger.— 
L.  E.  Barringer.— 

pictures). 
H.  Ries. — "American  Clays." 

F.  A.  Whitaker. — "Manufacture  of  Stoneware"  (illum.inated). 
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FollowinK  this  meeting  a  series  of  motion  pictures  of  the  ceramic 
iDdustri^  will  be  showD.  There  will  also  be  a  series  of  motion  pictures 
depicting  lakes,  water-falls,  and  hydroelectric  power  possibilities.  The 
development  of  some  of  these  will  be  carried  through  the  several  stages  of 
construction,  generation,  and  transmission  of  the  power,  and  its  use  in 
industrial  operations.  Films  of  several  electrochemical  operations  will 
be  shown. 

There  will  be  pictures  of  many  chemical,  mining  and  related  indus- 
tries, and  the  application  of  electricity  and  electrical  equipment  to  indus- 
trial work.  There  will  be  pictures  showing  the  alkali  industries;  the 
making  of  glass,  pottery  and  stoneware;  the  oil  industries,  petroleum, 
asphalt,  fatty  oils,  soaps,  paints,  linoleum  and  oil  cloth.  There  will  be 
a  series  of  films  depicting  carelessness,  the  destruction  of  life,  wealth  and 
resources,  the  hazards  ^nd  risks  in  industrial  plants  and  how  they  may 
be  overcome.  The  dangers  of  fire  and  explosives  will  be  demonstrated 
and  the  prevention  of  disease  by  vaccines. 


TRANSACTIONS  FOR  1918 

Volumes  57  and  58  of  the  Traneactiona  were  mailed  together  during 
the  third  week  of  August  to  all  members  whose  dues  for  1918  had  been 
paid  on  Aug.  1.  Any  member  whose  copies  fail  to  reach  him  within  a 
reasonable  time  is  requested  to  notify  the  Secretary. 

Volume  59  is  on  the  press,  and  will  be  ready  for  distribution  early  in 
October. 


The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  July  11, 1918  to  August  11, 
1918. 


iahn  Carter  Anderson,  Tucson,  Ariz. 
lent.  Frank  A.  Ayer,  Tyrone,  N.  M. 
W.  R.  Centon,  McGill,  Nev. 
Alden  CrankaliAW,  Paliaerton,  Ph. 
John  Dayenport,  W.  Norfolk,  Va. 
A.  Faiaon  DickBon. 
F.  A.  Fahreowald,  Cleveland,  O. 
L.  HaU  Goodwin,  New  York. 
W,  H.  W.  Hamflton,  Baker,  Ore. 
Floyd  D.  James,  St.  Louis,  Mo. 
Geoige  A.  Laird. 
J.  W.  HcBride,  Spokane,  Wash. 
Arthur  Notmao,  Bisbee,  Ariz. 

Christopher  G.  Atwater,  Manager  Agricultural  Dept.,  The  Barrett 
Co.,  is  in  Washington  serving  the  U.  S.  Navy  Bureau  of  Ordnance  in  con- 
nection with  the  Navy  nitrate  plant  recently  authorized  by  Congress. 

Edward  Ludlam  Blossom  announces  his  marriage  to  Mabel  Town- 
send,  daughter  of  Mr.  and  Mrs.  George  Comings  Mills,  on  Wednesday, 
July  17,  1918,  at  New  York  City. 


Bdson  S.  Pettis,  San  Prancieco,  Cat. 
Wm.  H.  Rettie,  Vonkers,  N.  Y. 

1.  T.  Robertson,  Port  Richmotid,  S.  I. 

Harry     O,     BobinBon,     Margarita, 

Veneiuela. 

~  K.  Seng,  G 
S.  Sheffield. 
H.  G.  Smith. 
Han?  H.  Spoor. 
H.  H.  Stoek,  Urbana,  111. 
Arthur  L.  Tuttle,  Coppcrhill,  Tfenn. 
Thor  Warner,  Phoenix,  Ariz. 
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Camphuis,  Rives  &  Gordon,  Inc.,  announce  the  opening  of  their  New 
York  office  at  81  New  Street,  under  the  man^ement  of  Mr.  William 
D.  Gordon,  president  of  the  company. 

E.  J.  Carlyle  is  located,  until  further  notice,  with  the  British  America 
Nickel  Corporation,  Ltd.,  at  Sudbury,  Ontario. 

N.  H.  Darton  of  tlie  United  States  Geological  Survey  will  spend 
August  and  September  in  New  Mexico,  continuing  his  investigation  of 
stratigraphy  of  the  Red  Beds  especially  as  to  their  prospects  for  contain- 
ing potash  deposits. 

A.  De  Deken  is  at  present  occupying  the  position  of  chief  engineer 
with  the  Cia.  Franco-Espanola  de  Minas,  93  Paseo  de  Gracia,  Barcelona, 
Spain. 

Emil  A.  Franke  bag  resigned  his  position  with  the  Cerro  de  Pasco 
Mining  Co.  of  Peru,  S.  A.  He  is  returning  to  the  United  States  for  ser- 
vice in  the  Ordnance  Dept. 

J.  Hall  Goodwin  has  accepted  the  position  of  field  engineer  with 
Rogers,  Mayer  &  Ball,  of  42  Broadway,  New  York  City. 

G.  L.  Grosvenor  is  now  employed  by  the  Cons.  Arizona  Smelting  Co. 
at  Humboldt,  Ariz, 

Robert  M.  Eeeney  announces  change  in  his  address  to  The  Iron 
Mountain  Alloy  Co.,  P.  O.  Box  ^86,  Denver,  Colo. 

C.  K.  Kuzell,  formerly  with  the  Anaconda  Copper  Mining  Co.  is 
asst.  supt.  of  the  United  Verde  Copper  Company's  Smelter  of  Clark- 
dale,  Ariz. 

Fredeiick  Mac  Coy  has  accepted  a  position  with  the  United  Verde 
Copper  Co.  at  Jerome,  Ariz. 

W.  G.  Miller  and  R.  W.  Brock  on  a  postcard  received  at  Institute 
Headquarters,  dated  London,  July  4,  1918,  say  "We  are  celebrating 
to-day.     Uncle  Sam  is  doing  fine.", 

Redick  R.  Moore  is  now  situated  at  Monterey,  Mexico,  with  the 
American  Smelting  &  Refining  Co. 

Douglas  Muir  is  now  holding  the  position  of  superintendent  at  the 
Aztec  mines,  Baldy,  N.  M, 

Felipe  B.  Or#  has  accepted  a  position  with  the  Ray  Consolidated  Cop- 
per Co.  at  Ray,  Ariz. . 

C.  J.  Price  announces  that  he  has  temporarily  changed  his  address 
from  Topeka,  Kas.,  to  Burnet,  Tex. 

L.  B.  Pringle,  formerly  chief  chemist  and  experimental  engineer  for 
the  Bonne  Terre  Division  of  the  St.  Joseph  Lead  Co.,  Bonne  Terre,  Mo., 
is  now  office  manager  of  the  Varnish  Division  of  the  Certain-teed  Prod- 
ucts Corporation,  St.  Louis,  Mo. 

Dan  Reichel  informs  us  that  his  new  address  is  Hambui^,  California, 
care  the  Scrad  Chrome  mine. 

Donald  D.  Riddle  has  accepted  a  position  with  the  Midwest  Refining 
Go,  and  his  present  address  is  819  First  National  Bank  Bldg.,  Denver, 
Colo. 

J.  A.  Rule  writes  us  that  he  is  at  present  assistant  superintendent  for 
the  United  Verde  Extension  Smelter,  at  Verde,  Ariz. 

William  C.  Schmidt,  Jr.,  announces  his  marriage  to  Alice,  daughter  of 
Mrs.  Willett  Miller  Tillcy,  on  Monday,  July  1,  1918,  at  Sea  Cliff,  N.  Y. 

Mortimer  A.  Sears  has  removed  his  offices  from  Paintsville,  Ky. 
and  is  now  located  at  S05  First  National  Bank  Bldg.,  Huntington,  W.  Va. 
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D.  R.  Semmes  has  accepted  a  position  as  geolc^ist  with  the  Midwest 
Refining  Co.,  Denver,  Colo. 

Edward  L.  Stei^er  haa  resigned  from  the  United  States  Smelting, 
Refining,  and  Mining  Exploration  Co.  and  has  accepted  the  position  of 
assistant  superintendent  with  the  Mountain  Copper  Co.,  Ltd.,  Iron 
Mountain,  via  Keswick,  Shasta  Co.,  Cal. 

Thomas  A.  Stroup  has  resigned  his  position  with  the  Mineral  Products 
Corporation  and  is  now  assistant  engineer  of  the  Ut-ah  Fuel  Co.,  at 
Clear  Creek,  Utah. 

Henry  M.  Sutton,  Walter  L.  Steele,  and  Edwin  G.  Steele  have 
resigned  from  the  Minerals  MilUng  Co.,  Van  Horn,  "JTexas,  and  have 
opened  an  office  at  Dallas,  Texas,  under  the  firm  name  of  Sutton,  Steele 
&.  Steele. 

D.  R.  Thomas  has  secured  a  temporary  position  with  the  American 
Cyanamid  Co.,  Niagara  Falls,  Ontario,  Canada. 

J.  C.  Vivian  has  severed  his  relations  with  the  Huelva  Copper  and 
Sulphur  Mines,  Limited,  in  order  to  join  the  technical  staff,  in  Spain,  of 
The  Tharsis  Sulphur  and  Copper  Co.,  Limited, 

Harold  E.  WiUson,  formerly  engineer  for  the  Two  Rivers  Coal  Co. 
and  the  Mission  Mining  Co.,  of  Danville,  111.,  advises  that  he  is  now 
superintendent  for  the  Rothwell  Coal  Co.,  of  Dubree,  W.  Va. 

Herbert  Wirshing  has  recently  made  a  change  in  position  and  is  now 
with  the  Selby  Oil  &  Gas  Co.  at  Tulsa,  Okla. 

A.  Yates  is  now  with  the  Ministry  of  Munitions,  Zetland  Hotel,  Salt- 
burn-by-the-Sea,  Yorkshire,  England. 


POSITIONS  VACANT, 


High-type  research  metallurgist  with  approximately  following  qualifica- 
tions: American,  30  to  45  years  old.  Mind — ^Analytical.  Education — 
college  graduate.  Practical  shop  experience — not  less  than  5  years. 
Metallurgical  experience  in  steel  making — at  least  5  years.  Chemical 
experience — should  have  some  chemical  training.  Research  ability 
— should  be  the  type  of  man  who  is  interested  in  new  developments 
or  research  work.    No.  337. 

Engineer  with  some  underground  experience  who  is  physically  able 
to  spend  a  large  portion  of  bis  time  underground,  to  act  as  general  effi- 
ciency engineer.  He  will  have  cost  keeping  on  special  work,  charge  of 
contracts,  labor  distribution,  etc.     No.  33S. 

The  services  of  a  man  experienced  in  flotation  and  familiar  with  the 
Callow  apparatus  are  required  for  a  short  engagement  in  South  America. 
No.  339. 

A  position  as  surveyor  and  draftsman  for  mines  in  Mexico  is  open. 
Opportunity  for  advancement.  Climate  pleasant  and  healthful.  Knowl- 
edge of  Spanish  required.     No.  340. 

The  Bureau  of  Construction  and  Repair,  Navy  Department,  Wash- 
ington, D.  C. ,  is  in  need  of  a  few  draftsmen  of  experience  for  work  in  con- 
nection with  the  development  of  industrial  yards  and  shops  of  the  Navy, 
under  the  cognizance  of  the  Shore  Establishment  Division  of  the  Bureau 
of  Construction  and  Repair.  Training  in  one  of  the  following  courses 
would  be  considered  a  requisite  qualification: 
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Architecture;  Architectural  engiDeering;  Civil  engineering;  Mechan- 
ical ei^neering;  Industrial  engineering. 

The  salary  attached  to  these  positions  would  be  governed  more  or 
less  by  the  qualification  of  the  apphcants;  approximately  $1800  to  S2000 
a  year  is  contemplated.  The  bureau  would  be  pleased  to  receive  the 
names  and  qualifications  of  any  men  who  have  the  requisite  qualifications 
and  who  would  desire  appointment  in  Washington  in  capacities  similar 
to  that  mentioned.     No.  341. 

The  Government  requires  a  draftsman  for  plotting  cost  and  progress 
curves  and  a  mechanical  engineer  for  progress  and  cost  reports  for  a 
period  of  eight  months  or  longer.  Salary,  tI75  per  month;  hours,  8:30  — 
5. -00.     No.  342. 

The  Civilian  Personnel  Section,  New  York  District  Ordnance  Office, 
requires  engineers  of  tests  and  metallurgists  for  the  Ordnance  labora- 
tories in  Pittsbui^.     No.  343, 

The  Department  of  the  Interior  requires  technically  trained  persons 
for  the  examining  corps  of  the  Patent  Office.  Those  having  a  scientific 
education,  particularly  in  higher  mathematics,  chemistry,  physics  and 
French  or  German,  and  who  are  not  subject  to  the  draft  for  military 
service  are  desired.  Engineering  or  teaching  experience  in  addition  to 
above  is  valued.     Entrance  salary,  S15O0. 

Examinations  for  the  position  of  assistant  examiner  are  held  frequently 
by  the  Civil  Service  Commission  at  many  points  in  the  U.  S.  Details  of 
the  examinations,  places  of  holding,  etc.,  may  be  had  upon  application 
to  the  Civil  Service  Commission,  Washington,  D.  C.  or  to  above 
department. 

Should  the  necessity  arise,  temporary  appointments  of  qualified 
persons  may  be  made  pending  their  taking  the  Civil  Service  examination. 
Application  for  such  appointment  should  be  made  to  J.  G.  Newton, 
Commissioner  of  Patents,  United  States  Patent  Office,  Department  of 
the  Interior,  Washington,  D.  C.    No.  344. 


ENGINEERS  AVAILABLE 


Member,  age  31,  technical  graduate,  8  years'  experience  in  copper 
and  nickel  mining,  desires  to  make  a  change.     No.  480. 

Member,  age  34,  married,  16  years'  experience  as  railroad  construc- 
tion engineer  and  as  superintendent  of  iron,  chrome  and  manganese 
mines.  Especially  successful  in  rush  construction  work  and  develop- 
ment of  new  mining  properties.  No  straight  salary  proposition  will  be 
considered.     No.  481. 

Member  desires  change  of  position.  Four  years  experience  in  flota- 
tion, cyaniding,  and  mill  design  and  construction.  Married,  technical 
graduate.     No.  482. 

Member,  age  33,  married,  graduate  Columbia  School  of  Mines.  Nine 
years'  experience  as  engineer  and  mining  and  oil  geologist;  experience 
in  Mexico,  Peru  and  Siberia.     Speaks  Spanish  and  Russian.     No.  483. 
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LIBRARY 

American  Society  of  Civil  Enoinbers 
AuBRicAN  Institute  of  Electbical  Enqinebbb 
American  Society  of  Mechanical  Engineebb 
American  Institttte  of  Mining  Enginebr8 
United  Enginebring  Socihtv 

Harrison  W.  Graver,  Director 

The  library  of  the  above-nfimed  Societies  ia  open  from  9  a.u.  to  10 
P.M.  except  on  holidays.  It  contains  about  70,000  volumes  and  90,- 
000  pamphlets,  including  sets  of  technical  periodicals  and  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessions 

CotTRs  DB  MAcAmaUE.     Vols.  1-4.     ByL.  Guillot.     Pans,  1911,  1913, 1918. 

Extracting  Nitrogen  from  the  atmosphere  at  a  power  cost  of  over  221  tons  per  day  for 
a  10(X)  kilo-watt  power  plant  (equivalent  to  over  5,950,000  cubic  feet  of  Nitro- 
gen gas)  or  248  cubin  feet  for  one  kilo-watt  hour.  Ed.  5.  By  J.  J'.  Place. 
GlenridgE,  N.  J.,  1918.      (Gift  of  author.) 

Girard  Estate.  Report  of  the  Mining  Engineer  and  Agent.  1917.  (Gift  of  Girard 
Estate.) 

PcnDsylvania  Department  of  Mines.  Report.  Part  II — Bituminous  1916.  Harris- 
burg,  1917.     (GiftofPennaylvania  PimtinK  Dept.) 

Petroleum,  Asphalt  and  Natural  Gas.  {BuUeiin  No.  14,  Kansas  City  Testing 
Laboratory.)     Kansas  City,  1918.     (Gift  of  Dr.  Roy  Cross.) 

Peru.  A  aeries  of  topographic  and  geologic  m^ps,  gift  of  the  Sociedad  GeograGca  de 
Lima,  as  follows; 

Departamento  de  Loreto;  Estudios  verificados  en  1906  en  la  region  central  del  Peru; 
no  Putumayo;  rio  Napo;  rio  Bajo  Marafion;  rio  Serjali:  Mapa  del  Peru;  la 
Previncia  de  PacasmayoJ  rio  UcauaJi;  Alte  Penis  y  el  Alte  Yurda;  ries  Pachiteay 
Pichis;  rio  "Hgre;  Logo  Titioaca;  ries  Pastara,  Morena  y  Tigre;  Vias  de  comunica- 
-'~n  entra  Paita,  Eten  y  el  Marafion;  ciudad  del  Cuzco;  rio  Huaiiaga' rio  Tambo- 
■"'■'■  ..       .    T.  .  ^jj,j,Q.  ^(j  paataza;  rio  Manu;  cart« 

tntal  del  Peru;  rio  Ueayali;  carte 
:  croquU 

luayoi  nu  iviuurona;  luapa  u«  lu  uuvcgikujuu  del  Alto 
Vcayali  y  Bajo  Urubamba;  rio  Amaionas  Peruano. 
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Red  Cross  Inbtitutb  fob  Gkippi-bs  and  Disabled  Men.     Placement  technique 
in  the  employment  work  of  the  Institute.    By  Gertrude  R.  Stein.   (Publications, 
Series  I,  No.  9.) 
,  Relation  of  thb  Short,  Intensive  Industrial  Sorvbt  to  the  Problem  op 


SoLDiBB  Rb-editcation.     By  G.  A.  Boate.     (Publications,  Series  I,  No.  10.) 
-,  Tbainino  in  Enqlibh  Technical  Schooia  fob  Disabled  Soldibbs.    By 

John  C.  Faries,    (Publications,  Series  I,  No.  II.) 
;  Vocational  School  for  Disabled  Soldiers  at  Roden,   France.    By 

J.  Breuil.     (Publications,  Series  1,  No.  11.) 

Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
The  Institute  does  not  assume  responsibility  for  sny  statements  made ;  these  are  taken 
from  the  preface  or  the  text  of  the  book,  uoleas  otherwise  noted. 

Concrete  Engineer's  Handbook.  Data  for  the  design  and  conBtniction  of  plain 
and  reinforced  concrete  structures.  By  George  A.  Hool  and  Nathan  C.  Johnson, 
assisted  by  8.  C.  Hollinter,  with  chapters  by  Harvey  Whipple,  Adelbert  P.  Mills, 
Walter  S.  Edge,  A.  G.  Hitlberg,  and  Leslie  H.  Allen.  Ist  edition.  N.  Y., 
McGraw-Hill  Book  Co,,  Inc.,  1918.  23  +  885  pp.,  illuB.,  pi.,  tab.',  diag.,  9  X 
6  in.,  fiexible  cloth,  SS. 
This  work  has  been  prepared  to  make  available  in  concise  form  the  beat  present 

knowledge  concerning  concrete  and  reinforced  concrete,  and  to  present  complete  data 

and  detailB,.BS  well  as  numerous  tables  and  diagrams,  for  the  design  and  construction 

of  the  principal  types  of  concrete  structures. 

Enqineebinq  for  Masonrt  Dams.  By  William  Pitcher  Creager.  1st  edition. 
N.  Y.,  John  Wiley  and  Sons,  Inc.,  1917.  11  +  2S7  pp.,  88  iUus.,  1  pi.,  25  tab., 
9  X  6  in.,  cloth,  (2.50. 

InveHtigfttions  and  Surve}^.  The  Choice  of  Type  of  Dam.  Forces  Acting  on  Daras, 
Requirements  for  Stability  of  Gravity  Dams,  General  Equations  for  Design  of 
Gravity  Dams,  The  Design  of  Solid,  Non-overflow  Gravity  Dama,  The  Design 
of  Solid  Spillway  Gravity  Dams,  The  Design  of  Hollow  Dams,  The  Design 
of  Arch  Dams,  Preparation  and  Protection  of  the  Foundation,  Flood  Flows, 
Details  and  Accessories. 
Presents  the  theory  and  the  fundamental  assumptions  of  design  of  dams  of  this 

kind,  and  gives  a  number  of  examples  showing  the  application  ol  theory  to  practical 

designing. 

Intebnational  Mining  Law.  By  Theo.  F.  Van  Wagenen.  1st  edition.  N.  Y., 
McGraw-Hill  Book  Co.,  Inc.,  1918.  342  pp.,  7X5  in.,  flexible  doth,  »3.50. 
Starting  with  an  account  of  ancient  mining  laws  and  customs,  the  author  gives  a 
digest  of  the  present  mining  laws  of  the  world.  Statistics  of  production  in  the  leading 
countries  are  given  to  show  the  effect  of  various  laws  on  the  industry,  and  there  are 
discussions  of  different  features  of  the  laws.  Confined  to  metal  mining;  the  laws 
having  to  do  with  coal,  iron  and  non-metala  are  omitted. 

The  Cyanide  Pbocebb.     Its  Control  and  Operation.     By  A.  W.  Fahrenwald.     Ist 

edition.     N.  Y,,  John  Wiley  and  Sons,  Inc.,  1918.     10  +  256  pp.,  37  illus.,  1 

folded  pi.,  1  folded  chart,  27  tab.,  7x4  in.,  flexible  cloth,  »2. 

The  object  of  the  book  is  to  furnish  a  lalwratory  guide,  both  (or  investigating  a 

new  ore  and  for  conducting  the  laboratory  of  a  mill,  which  will  include  the  latest 

developments  of  the  process  and  be  sufficiently  complete  for  ordinary  needs. 

DiSBABBB  OF  Occupation  and 
and  Wiljiam  C.  Hanson, 
illus.,  10  X  6  in.,  cloth,  $8. 
With  the  assistance  of  a  large  number  of  experts,  the  editors  have  endeavored  to 
present  the  basic  facts  concerning  diseases  of  occupation  in  such  a  way  as  to  form  a  safe, 
convenient   guide   for   physicians,   employers,   workmen,    legislators,    public-health 
officials  and  other  interested  persons. 
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Mt  Rbiuniscences.  By  Raphael  Pumpelly.  N.  Y.,  Henry  Holt  and  Co.,  191S. 
844  pp.,  57  pi.,  24  por.,  13  maps,  9X6  in.,  cloth,  2  vols.,  S7.£0. 
Bom  in  1837,  the  author  studied  geology  and  miniitg  engineering  la  Paris  and 
Freiburg,  andlatjjrled  a  busy  life  ae  a  geologiatj  mining  engineer  and  explorer  Forover 
half  a  century.  His  prof  esaional  activities  in  Asia  and  America  provided  an  abundance 
of  infonnation  on  these  lands  and  many  adventures  and  anecdotes,  which  are  presented 
in  an  intereating  fashion  in  this  autobiography. 

West  Virginia. — Detailed  Report  on  Barbour  and  Upshur  Counties  and  Weatem 
Randolph,  by  D.  B.  Reger,  with  an  introductory  Discussion  of  Deep  Well  Records, 
including  the  Deepest  Well  in  the  World,  by  I.  C.  White,  and  a  Discussion  of  Deep 
Well  Temperatures  by  C.  E.  Van  Orstrand.  867  pages  +  CIV  pa^es  of  introductory 
matter,  and  illustrated  with  53  half'tone  plates  and  43  figures  or  unc  etchings  in  the 
t«xt,  accompanied  with  a  separate  case  of  topographic  and  geologic  maps  of  the 
entire  area  in  two  sheets,  one  covering  Barbour  County,  and  the  other  Upshur  County 
and  the  coal  area  of  Randolph  west  from  Big  Laurel  and  Rich  Mountains.  The  whole 
region  is  underlain  by  the  Coal  Measures  in  which  are  several  valuable  beds,  all  of 
which  are  described,  analyzed,  and  their  areas  mapped  in  this  Report.  Price,  includ- 
ing case  of  maps,  S3.00.    West  Virginia  Geological  Survey,  Morgantown,  W.  Va. 

Revised  Figure  Showing  Bituminous  Coal  Beds  in  West  Virginia,  lincograpb 
section,  S  in.  wide  and  40  in,  long,  showing  the  names,  number  and  intervals  separating 
the  coal  beds  of  West  Virginia,  and  extending  from  the  top  of  the  Dunkard  Series  to 
the  base  of  the  Pottaville  Series,  on  the  scale  of  1  in.  to  200  ft.,  compiled  and  revised  to 
July  1,  1918j  by  Ray  V.  Hennen,  Assistant  Geologist.  Price,  25  cents.  West  Vir- 
ginia Geological  Survey,  Morgantown,  W.  Va. 


FORTHCOMING  MEETINGS  OF  SOCIETIES 


American  Chemical  Society 

American  Society  of  ^nitarjr  Engineers 

National  Petroleum  Association 

American  Institute  of  Mining  Engineers 

National  Association  of  Stationary  Engineers. . . . 

Association  Iron,  St«el,  Electrical,  Engmeere ' 

British  Iron  and  Steel  In8titut«,  Autumn  Meeting 

National  Exposition  of  Chemical  Industries 

American  Electrochemical  Society 

Institute  of  Metals  Division,  A.  I.  M.  E 

Iron  and  Steel  Members,  A.  I.  M.  E 

American  Foundrymen's  Association 

American    Museum  of  Safety   and  Sanitation, 

Exposition 

National  Safety  Council 

BusineBS  Show 


Cleveland,  0. 
Chic^o,  III. 

Atlantic  City,  N.  J. 
Colorado 
Cincinnati,  O. 
Baltimore,  Md. 
London,  £ng. 
New  Yor^N.  Y. 
Princeton,  N.  J. 

Milwaukee,  Wis. 
Milwaukee,  Wis. 
Milwaukee,  Wis. 

St.  Louis,  Mo. 
St.  Louis,  Mo. 
New  York,  N.  Y. 


Sept  9-12 
,  Sept  3-5 
.  Sept. 

Sept.  2-7 
,  Sept.  9-13 
f  Sept.  9-14 

Sept.  12-13 
1  Sept.  23-28 
;  Sept.  30- 
]    Dot.  2 
■  Oct.  8-11 
I  Oct.  8-10 
I  Oct.  7-13 

i  Oct.  7-12 
Oct.  14-17 
Oct.  21-26 
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MEMBERSHIP 
Nhw  Mbubers 

The  following  list  comprises  the  names  of  those  persons  who  became 
members- during  the  period  July  10,  1918,  to  Aug.  10,  1918. 

Archkr,  Eoobne  G,,  Asaayer  and  Chem.,  Graaby  Coos.  Min.  Smelt.  &  Power  Co., 

Any  ox,  B.  C,  Canada. 

Baker,  Bobebt  C Mech.  Engr.  and  DrsftamaD,  Moctezuma  Copper  Co., 

Nacozari,  Son.,    Mexico. 

Babnes,  Edward  A. Supt.,  Fort  Wayne  Works,  General  Electric  Co., 

Fort  Wayne,  Ind. 

Babnhakt,  Edwin Engr.  of  Testa,  Bethlehem  Steel  Co.,  Sparrow's  Point,  Md. 

Bbnslet,  Maubicb  D Prea.  and  Mgr.,  Frontier  Braee  Foundry,  Inc., 

Niagara  Falls,    N.  Y. 

Bradley,   John  C Met.,   The   American   Brass   Co.,   Waterbury,   Conn. 

Bragg,  C.  T Works  Mgr.,   Michigan  Smelt.  A  Refin.  Co.,  Detroit,  Mich. 

Bryuer,  GEoRas  W Min.  Engr.,  922  L'nion  National  Bank  Bldg.,  Scranton,  Pa. 

Chiwis,    Norham Met.    Engr,,    More-Jones    Brass    a    Metal    Co., 

3144  North  Broadway,   St.    Louis,   Mo. 

Crawford,  R.  D Prof,  of  Mineralogy  &  Petrology,  Univ.  of  Colorado, 

Boulder,    Colo. 

Daly,  David  B Prea.  and  Gen'l  Mgr.,  J.  H.  Gautier  A  Co^^  Jersey  City,  N.  J. 

Davis,  Robert  S Min.  Engr     Milton,    Pa. 

DeWitt,   H.   a Min.   Engr.,   Chiksan   Min.   Co.,   Chiksan,   Chosen,   Korea. 

Dickson,  Jakes  K.,  Min.  Engr.,  New  York  A  Honduras  Rosario  Min.  Co., 

Amapala,  Honduras,  C.  A. 

Dittmakn,  Matthew  C Vice  Pees.,  In  charge  of  Operations, 

American    Bronze    Corporation,    Berwyn,    Pa. 

Eardlet,  Mehrino  V Asst.  Mgr.,  American  Metal  Co.,  314  Frisco  Bldg., 

Joplin,  Mo. 

Edwin,  John Co.  A,  27th  Enwneers,  A.  E.  P.,  Care  Postmaster,  N.  Y. 

EvxBNHAM,  C.  C,  Mexico  Representative,  Merrill  Metallurgical  Co.,  121  Second  St., 

San    Francisco,    Cal. 

Ferron,  RcfflERT  D Min.  Engr.,  Braden  Copper  Co.,  Rancagua,  Chile,  S.  A. 

Flahbrtt,  p.  J.,  Vice  Prea.  and   Gen'l  Mgr.,  Johnson  Bronze  Co.,  New  Castle,  Pa. 
Frankun,  Frederick  H.,  Met.  Chem.,  Saunders  A  Franklin,  1S4  Whittier  Ave., 

Providence,  R.  I. 
Gardiner,  F.  E.,  Chem.  and  Met.,  Dominion  Bridge  Co.,  Ltd., 

Montreal,  Quebec,  Canada. 
GiLLEiT,  H.  W..  .AUov  Chem.,  U.  8.  Bureau  of  Mines,  Morse  Hall,  Ithaca,  N.  Y. 
Gilligan,  Frank  P.,  Sec'y  and  Treas,,  The  Henry  Souther  Engmeering  Co., 

11  Laurel  St.,   Hartford,   Conn. 

GooDUAN,  Frank  B Supt.,  Montreal  Min.  Co.,  Hurley,  Wis. 

Gbat,  Arthur  W.,  Director  of  Physical  Research,  The  L.  D.  Caulk  Co.,  Milford,  Del. 
GUREVICH,  Louia  J. . .  .  .  Met.,  Asst.  Physicist,  Bureau  of  Standards,  Washington,  D.  C. 

Hamilton,  Fletcher State  Mineralogist  of  California,  Ferry  Bldg., 

San  Francisco,  Cal, 
HfiRivEL,  Ernest  Philip,  Mine  Supt.,  Esperansa  Min.  Co.,  Apailado  Postal  No.  8, 
Bl  Oro,  Estado  de  Mexico,  Mexico. 
HiGASHi,  Sbntaro,  Supt.,  Ikuno  Mine,  Mitsubishi  Kogio-Kabushika  Kaisha, 

Tajima,   Japan. 
HowK,  Harrison  E.,  Chem.  Engr.,  Mgr.,  Commercial  Dept.,  Arthur  D.  Little,  Inc., 
30  Charles  River  Road,  Cambridge,  Mass. 
HoNNER,  Earl  E.,  Mgr.,  Iron  Mines,  M.  A.  Hanna  &  Co.,  701-12  Fidelity  Bldg., 

Ehiluth,  Minn. 
Ibbktt,  Arthvr  W.,  Min.  and  Mech.  Ei^r.,  Trinidad  Leaseholds,  Ltd., 

1  London  Wall  Bldgs^  London,  England. 

Jbnnisoh,  H.  C Ansonia  Branch,  American  Brass  Co.,  Ansonia,  Conn. 

Johnson,  Charles  W Gen'l  Supt.,  Weatinghouse  Electric  &  Mfg.  Co., 

Pittsburgh,  Pa. 

Jones,  Jesse  L Met.,  Westinghouae  Electric  A  Mfg.  Co.,  Pittsbui^h,  Pa. 

Kennedt,  Williau  Arthur,  Testing  Engr.,  General  Fire  Extinguisher  Co., 


West  Exchange  St.,  Providence,  R.  ] 
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KiTSUNEZAKi,  IcHiBO,  Min.  Engr.,  E\iTuk&wa  Min.  Co.,  No.  39  Caienbocbo  AEabuku, 

TokyOj  Japan. 

Klaubtermbter,  Carl  H.,  Head  of  Ore  &  Zinc  Sales  Depto,,  Grasselli  Chemical  Co., 

Guardian  Bldg.,  Cleveland,  Ohio. 

Klee,  William  B.,  Pres.  and  Treaa.,  Damascus  Bronze  Co.,  928  South  Ave.,  N.  S., 

Pittsburgh,  Pa." 

Lheravd,  Alexandre Chief  Min.  Engr.,  £1  Bolvado,  Pta,,  Cordoba,  Spain. 

LouDEBBACK,  George  D.,  Prof,  of  Geology,  Univereity  of  California,  103  Bacon  Hall, 

Berkeley,  Cal. 
McFarland,  David  F.,  Assoc.  Prof,  of  Applied  Chem,,  University  of  llliaois, 

155  Chemical  Laboratory,  Urbana,  III. 

MacPhbrran,   Ralph  S Chem.,  Allis  ChalmerH  Mfg.  Co.,   West  Allis,  Wis. 

Mathewhon,  C.  H.,  Asat.  Prof,  of  Met.,  Sheffield  Scientific  School,  Yale  Univ^ 

New  Haven,  Coi 


MBTZasR,  Jules  P Vice  Prea.  and  Works  Mgr.,  The  Leslie  Co.,  Lyndhuret,  N.  J. 

Miller,  H.  C Supt.,  Round  Valley  Tungeten  Co,,  Bishop  Inyo  Co.,  Cal. 

Miller,  Samuel  W Prop.,  Rochester  Welding  Works,  349  Orchard  St., 


Rochester,  N.  Y. 

MooDT,  Wilbur  h...  Geol.,  Southern  Pacific  Co.,  1829  Berryman  St.,  Berkeley,  Cal. 
Morris,  Albert  Wood,  Cons.  Engr.,  Morris  Engi^.  Co.,  54  Buckingham  St., 

Springfield,  Mass. 
MuBLLBR,  Henrt  p.,  Prea.,  H.  P.  Mueller  Brass  Foundry,  215-19  Lombard  St., 

St,  Iiouis,  Mo. 

Newman,  D.  F Min.  Engr-,  Supt.,  U.  S.  Manganese  Corpn.,  Elkton.  Va, 

Ohern,  D.  W Geol.,  Fortuna  Oil  Co..  Oklahoma  City,  Okla. 

Olson,  L.  W,  . .  .Factory  Mgr.,  Ohio  Broaa  Co.,  16  Gienwood  Blvd.,  Manafield,  Ohio. 
Pack,  Charles,  Chief  Chem.  and  Met.,  Doehler  Die  Casting  Co., 

Court  and  Huntington  St.,  Brookij-n,  N.  Y. 
Pannbll,  Ernest  V.,  Engr.,  The  Britiah  Aluminium  Co.,  Ltd.,  60  Front  St.,  W., 

Toronto,  Canada. 

Parsons,  Walter  H.,  Min.  Engr 625  Market  St.,  San  Francisco,  CaL 

Fbnick,  Walter  L.,  Met.  Engr.,  Hardinge  Conical  Mill  Co.,  501  Newhouse  Bldg., 

Salt  Lake  City,  Utah. 

PoUEBOT,  W.  D Gen'l  Mgr.,  The  Goulds  Mfg.  Co.,  Seneca  Falls,  N.  Y. 

PouPEiA,  Jonas,  Engr.,  Comp.  Morro  da  Mina,  87  Rua  General  Jardin,  S.  Paulo, 

Brazil,    S.    A. 
Putnam,  W.  P.,  Met.,  Major,  Ord.  R.  C.,  Inspection  Div.,  Detroit  Testing  Laboratory, 
874    Woodward    Ave.     Detroit,    Mich. 
Rae,  Elmer,  Met.,  Mgr.  of  Brass  Foundry,  Metal  &  Alloy  Specialty  Co.,  Inc., 

25   lUinoia  St.,   Buffalo,   N.   Y. 

Rankin,  E.  L Supt.,  U.  S.  Smelt.  Co.,  Altoona,  Kansas. 

Rhead,  E.  L.,  Lecturer,  Met.  and  Assaying,  College  of  Teehaolo^,  Manchester    . 

University,  Manchester,  England. 

Roast,  Harold  J Met.  Chem,,  The  James  Robertson  Co.,  Ltd.,  Montreal,  P,  Q., 

Canada. 
Robertson,  Norman  A.,  Member  and  Mgr.,  John  Robertson  A  Co.,  133  Water  St., 

Brooklyn,  N.  Y. 
Rogers,  John  C,  Min.  Engr.,  Canadian  Copper  Co.,  Copper  ClilT,  Ont.,  Canada. 

SrHLOSS,  Joseph  A Sec.  L.  Vogelstein  &  Co.,  Inc.,  42  Broadwav,  New  York,  N.  Y. 

Schott,  Max,  Gen'l  Mgr,,  Ohio  A  Colorado  Smelt.  &  Refin.  Co.,  Ltd.,  822  Foster  Bide., 

Denver,  CoFo. 
Shaw,  John  E.  . .  Engr.,  Charge  of  Underground  Development,  Chile  Exploration  Co., 

Chuquicamata,  Chile,  S.   A. 
Spare,  Charles  R.,  Vice  Prea.  and  Gen'l  Mgr.,  American  Manganese  Bronze  Co., 

Ilolmesburg,  I'a. 

Spilsbury,  H,  G Met.  Engr.,  Metal  &  Thermit  Corpn.,  120  Broadway, 

New  Yorit,  N.  Y. 

Spring,  L.  W Chief  Met.,  Crane  Co.,  836  So.  Mich^;an  Ave.,  Chic^o,  HI, 

Starr,  Frank  E.,  Underground  Foreman,  Chile  Exploration  Co,,  Chuquicamata, 

Chile,  S.  A, 
Steven,  Haaold  A. , ,  Min.  Engr,,  Mond  Nickel  Co.,  Ltd.,  Worthingf  on,  Ont,,  Canada. 
Strache,  Walter,  Examining  Engr,,  Fundicion  de  Guayacan,  CasiLla  226, 

Coquimbo,  Chile,  S.  A. 

Tabbb,  M.  N Met,,  The  National  Supply  Co,,  Toledo,  Ohio, 

Tbbts,  John  N.,  U,  S,  Naval  Aviation  Detachment,  Co.  22, 

Mass.  Institute  of  Technology,  Cambridge,  Maes. 
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Webbbt,  LoDie  P — Chem.,  U.  S.  Naval  Engineering  Experiment  Station, 

Annapolis,   Md> 
Wblbh,  LbRot  G.,  Min.  and  Pet.  Engr.,  Pennaylvania  Exploration  Co.,  Baker,  Mont. 

Wbttbtbin,  Thomas  F Mgr.,  Keokuk  Plant,  United  Lead  Co.,  Keokuk,  Iowa. 

Wood,  Robbbt  F.,  Met.  and  Foundry  Supt.,  The  Sandusky  Foundry  &  Machine  Co., 

Sandusky,    Ohio. 
WoRSDELL,  Arthur.  .Mill  Foreman,  Barnes  King  Development  Co.,  Kendall,  Mont. 

Associates 

Allan,  Percy Treas^  Jenkins  Mfg.  Co.,  Bloomfietd,  N.  J, 

.Andrews,  Jobbpb  C Ordnance  Dent.,  U.  S.  A.,  123  Vine  St.,  New  ai tain.  Conn. 

Basbbtt,  Geokob  B.,  Pree.  and  Gen'l  Mgr.,  Buffalo  Motor  Co.,  2917  Main  St., 

Buffalo,  N.  Y. 
Berunei^  Henry  E.,  Eastern  Kepresentative,  Michigan  Smelt.  &  Refin.  Co., 

Detroit,  Mich. 
BuNTtNO,  C.  E.,  Sec'y  and  Treas.,  The  Bunting  Brass  &  Bronze  Co.,  Toledo,  Ohio. 

CocBBANE,  John  H Prop,,  The  Cochrane  Brass  Foundry,  York,  Pa. 

Cohen,  Fred  W.,  Asst.  Gen'l  Mgr.,  Metal  &  Thermit  Corpn.,  120  Broadway, 

New    York,  N.  Y. 

Davies,  Ralph  V Chem,,  U.  S.  Cartridge  Co.,  Lowell,  Mass. 

DoBHLER,  H.  H.,  Pres.  and  Gen'l  Mgr.,  Doehler  Die  Casting  Co., 

Court  *  Huntington  St.,  Brooklyn,  N.  Y. 

DoEHiQBT,  G.  A Pres.  and  Mgr.,  The  Falcon  Bronze  Co.,  Youngstown,  0. 

Doyle,  Joseph  A.,  Vice  Pres.,  W.  S.  Rockwell  Co.,  60  Church  St.,  New  York,  N.  Y. 
Fretz,  Edwakd  S.,  Pres.  and  Gen'l  Mgr.,  Light  Manufacturing  &  Foundry  Co., 

Pottatown,    Pa, 

JosBS,  Arthur Pres.,   U.  S.  Smelting  Furnace  Co.,   Belleville,   III. 

Karr,  C.  Powell,  Associate  Physicist,  Bureau  of  Standards,  Washington,  D.  C. 
Kaufman,  £.  C,  Chem.  and  Met.,  Federal  Metal  Co.,  6621  Morgan  Ave., 

Cleveland.  O. 

Krocsb,  George 148-154  Morgan  St.,  Jereey  City,  N.  3. 

Merrill,  Alden Chem.,  American  Brass  Co.,  Waterbury,  Conn. 

!iliTCHELL,  L.  S,,  Vice  Pres.  and  Mngng.  Director,  The  Robert  Mitchell  Co.,  Ltd., 

64  Belair  Ave.,  Montreal,  Canada, 

MoERL,  Frederick Gen'l  Foreman,  Brass  Dept.,  The  Pullman  Co^ 

Pullman  Gar  Wks.,  Pullman,  Chicago,  III. 

MrELLER,  F.  a First  Asst.   Chem.,   Union  Pacific   Railroad,  Omaha,   Neb. 

Nebel,  Merle  L.,  Asst,  Prof.  Economic  Geol^  West  Virginia  University, 

Mechanical  Hall,  Moigantown,  W.  Vs. 
Keidenbach,  F.  W.,  Vice  Pres.,  Coates,  Bennett  &  Reidenbach,  Box  1042, 

Rochester,  N.  Y. 
■ScHiirrz,  M.  W.,  Gen'l  Mgr.  and  Vice  Pres.,  Union  Brass  &  Metal  Mfg.  Co., 

St.   Paul,  Minn. 
SreREiBER,  Leonard  G,,  Vice  Pres,  and  Gen'l  Mgr.,  The  L.  Schreibec  &  Sons  Co., 

Box  18,  Evanston  Station,  Cincinnati,  Ohio. 
Seliouan,  Arthur,  Importer  and  Exporter  of  Metals  and  Ores,  165  Broadway, 

New  York,  N.  Y. 
Shaw,  Hubert  A.,  Met.,  Engrg.  Dept,,  National  Conduit  &.  Cable  Co., 

Hastings-on-Hudson,    N.    Y. 
Skeeler,  John  Howard,  ,  ,Prop.  and  Mp.,  Sheeler  Hemsher  Co    Philadelphia,  Pa, 

SiLLnAN,  Joseph Pres.,  Michigan  Smelt,  A  Refin.  Co,,  Detroit.  Mich. 

Stevens,  Thomas   A Pres.,  Empire  Mfg,  Co.,  Ltd.,  London,  Canada. 

TraoN,  George  E Supt.,  Penn.  Hardware  Co.,  Reading,  Pa. 

Tnoeh,  Magnus Elect.  Engr^  General  Electric  Co.,  Pittsfieid,  Mass. 

Wakefield,  Frederick  W Pres,,  F.  W,  Wakefieid  Brass  Co.,  Vermilion,  O. 

Walkeb,  Thomas  E.,  Supt.,  Crittall  Casement  Window  Co,,  685  Atwal«r  St.,  E., 

Detroit,   Mich, 
Wilson,  Charles  H.,  Pres.,  Wilson- Maeulon  Co.,  781  E.  142d  St.,  New  York,  N.  Y. 

Junior  Assodales 

Chiang,  Lu-Cbeno 1017  Twelfth  St.,  Golden,  Colo, 

DowDBLL,  Ralph  Lewis,  Met 1462  Como  Ave,,  West,  St.  Paul,  Minn, 

Galldcci,  Nicholas  Frank Student,  Colorado  School  of  Mines,  Golden,  Colo, 

Strand,  Harry  W,  ,  .Min.  Engr.,  Great  Northern  Iron  Ore  Properties,  Marble,  Minn. 
Tao,  H.  T. Student,  Missouri  School  of  Mines,  Rolla,  "' 
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Change  of  Status — Juri^or  Associaie  to  Merrier 

Hioois'B,  Larbapt  T Mill  Met.,  Braden  Copper  Co.,  Rancacua,  Chile. 

Stitt,  J.  B.,  Acting  Foreman,  Acid  Dept.,  Braden  Copper  Co.,  Sewell,  via  Raneagua, 

Chile,    S.  A. 

Change  of  Status — Junior  Associate  to  Associate 

Crittenden,  Zar  T.,  Min.  Engr.,  Wilson  Foundry  &  Machine  Co.,  So.  Saginaw  St., 

Pontiac,  Mich. 
Wakenhct,  C.  J....,-. Geo!.,  Carter  Oil  Co.,  Tiilaa,  Okia. 

Total  Membershqi,  Aug.  10,  1918 :.. 6973 

Change  of  Addbess  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  ofGce  during  the  period  July  10,  1918  to  August  10,  1918. 
This  list  together  with  the  list  published  in  Bulletin  Nos.  133  to  140, 
January  to  August,  1918,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Jan.  1,  191S 
and  brings  it  up  to  the  date  of  August  10,  1918. 

Allen,  A.  W.,  Engineering  &  Mining  Journal,  10th  Ave.  and  36tb  St.,  New  York,  N.  Y. 
Andrews,  Clahence  W.,  2d  Lieut.,  I2th  Bat.  Infantry  Heplacement  Regiment, 

Camp  Lee,  Va. 
ApPLEflATE,  J.  S.,  Material  Engr.,  Wagner  Electric  Mfg.  Co.,  0400  Plymouth  Ave., 

St.  Louis,    Mo. 
Arluck,  a.  a.,  Headquarters,  Ist  Corps  of  Artillery,  A.  P.  O.  No.  759,  A.  E.  F., 

France. 
Ater,  Frank  A.,  1st  Lieut.,  353d  Aero  Squadron,  A,  E.  F,,  Care  Postmnster,  N.  Y. 

Baker,    John    M Sheridan,     Mont. 

Barton,    Job    C Unicoi,    Tenn, 

Blakeblee,  Frank  A 60  Vernon  Street,  Oakland,  Cat. 

Boise,  Charles  W, 70&-5th  Ave.,  N.,  Jamestowiu  N.  D. 

BouDWiN,  Walker  J.,  Corp.,  Administrative  Labor  Co.,  No.  46  (Spanish)  A.  P.  O. 

No,  713,  A.  E.  F.,  France. 

Brinoe,  H Care  American  Barium  Co.,  57  Post  Street,  San  Francisco,  Cal. 

BlitiLt,  Frederick  J.,  Chief  Engr.jBritiah  America  Nickel  Corpn.  Ltd., 

The  Citizen  Bldg^  Sparks  St.,  Ottawa,  Canada. 

Brunel,  Frank  P. Maxwell  Land  Grant  Co.,  £bildy,  New  Mexico. 

Brunton,    Frederic    K Met.    Engr.,    Arizona    Copper    Co.,    Morenci,    Aris. 

Calkins,    F.    E Miami,    Ari». 

Carltle,  E.  J British  America  Nickel  Corpn.,  Ltd.,  Sudbury,  Ont.,  Canada. 

Cabr,  Hbnrt  C C  W.  Pope  &  Co.,  25  Broad  St.,  New  York,  N.  Y. 

Csapman,  Lewis  C Co.  F,  604th  Engineers,  Waahii^on  Barracks,  D.  C 

Chase,  J.  L,  Cadet  No.  2011205,  Canadian  Engrs.,  Guy  St.  Barracks,  Montreal,  P.  Q., 

Canada. 

Chen,  Fan Pao  Usiar^  Kungse,  Chenchow,  South  Hunan,  China. 

Clark,  H.  Suith Co.  E,  1st  Regiment  Replacement  Ei^ineers, 

Washington  Barracks,  D.  C. 
Coleman,  W.  H:,  Corp.,  Co.  E,  23d  U.  S.  Engineers,  A.  E.  F.,  Care  Postmaster,  N.  Y. 

Cooper,  Claude  H Capt.,   C.  A.  R.   C,  50th  Artillery,  Camp  Eustis,  Va. 

CoPEUN,  L.  S 521  I.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 

Crbmer,   Feux Casilla   1057,   Santiago  de  Chile,   S.   A. 

CuBRiE,   David,   Director  General,  National  Salvage  Council,   Caxton   House, 

Tothill  St.,  Westminater,  S.  W.  1,  England. 

Davis,   Ror  B 500  So.  Linden  Ave.,  PitUburgh,   Pa. 

Db  Deken,  A.,  Chief  Engr,,  Cia.  Franco-Espanola  de  Minas,  93  Paaco  de  Gracia, 

Barcelona,  Spain. 

HE  HoRA,  M.  Herrera Instructed  to  hold  everything. 

DB  Landeho,  Carlos  F. 1?  Alamo,  4,  Mexico  City,  D.  F.,  Mexico. 

Delano,  Frederic  A.,  Major,  Army  Engr.  Reserve  Corps,  A.  E.  F.,  Care 

Postmaster,  New  York. 
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DtcKBON,  R.  H lat  Lieut.,  C.  A.  N.  A.,  Forttegs  Monroe,  Va. 

DcfflaoN,  D.  L,  Corp.,  Co.  F,  3lOth  Engineere,  A.  E.  F.,  Care  Poatmaster,  N.  Y. 

DoBB,  J.  V.  N Prefl.,  The  Dorr  Co.,  101  Park  Ave.,  New  York,  N.  Y. 

Ddb,  Georqei  D.,  Bureau  of  Mines,  Care  War  Mineral  Investigation,  I>ept.  of  Interior 
BMg.,    Waaliington,    D.    0. 

Dunn,  Theodore  S Capt.,  538th  Engineera,  Camp  Meade,  Md. 

Eaton,  Ldcien,  Capt.,  E.  R.  0.,  Provisional  Co.  4,  E.  R.  O.  T.  C,  Camp  Lee,  Va. 

ELr,  Fbed  B 1st  Lieut.,  Aviation  Section,  N.  A. 

EiimcH,  Jat  L 3221  FrankUn  8t^  Denver,^  Colo. 

Fairs AlitN,GBOBaE Capt.,  252d  Co.  Royal  EuKineera,  B,  E.  F.,  France. 

Fasbbtt,  Newton  C,  Section  600,  U.  S.  Army  Ambulance  Service,  with  the  Italian 

Army,    A.    E,  F. 

Ford,   Harold  P 1565  East  118th  Street,   Cleveland,   O. 

Fbanke,  Eml  a 3453  No.  Lincoln  Street,  Chicago,  III. 

FBASER-CAHraBi-L,  E 2d  Licut.,  180th  Tunnelling  Co.,  R.  E.,  B.  B.  F. 

Gee,  J.  Emerson,  Min.  Engr.,  Indiana-Oaxaca  Min.  Co.,  la  Guerrero  No.  1, 

Oaxaca,  Mexico. 

Gilbert,    Donald   C Co.    L,    let    Replacement    Regiment    Engineers, 

Washington  Barracks,  D.  C. 

Gill,    Author    H Ridley    Park,    Pa. 

Goodwin,  L.  Hall,  Field  Engr,,  Rogers,  Mayer  &  Ball,  42  Broadway, 

New  York,  N.Y. 

GosDT,    8.    B 41    Atwater   Ave.,    Derby,    Conn, 

Gkeene,  Frank  Cabakovb Box  216,  Denver,  Colo. 

GsKGOBT,    A.    E. Hokitikft,  New  Zealand. 

Griften,  Frank  W Holbiook  Bldg.,  58  Sutter  St.,  San  Francisco,  Cal. 

GaofiVENOR,  G.  L Cons.  Arizona  Smelt.  Co.,  Humboldt,  Ariz. 

Hancb,  James  H 505  D.  St.  'N.  W.,  Ardmore,  Okla. 

Hanst,  John  Fabbr Ingeraoll-Rand  Co.,  Farmers  Bank  Bldg.,  Pittsburgh,  Pa. 

Hardinoe,  Hahlowe Capt.,  Radio  Dept,,  Sioukal  R.  C,  A.  E.  F.,  France. 

Habt,  GiLSERT Empire  Gas  &  Fuel  Co.,  Box  14,  Eureka,  Kansas. 

Hatj-in,  T.  N Capt.,  138th  Ordnance  Depot  Co.,  Las  Casas,  Porto  Rico. 

Hatpen,  Wallace  H ■. De  Pue,   Dl. 

Helixr,  Alponce  H Supt.,  Ohio  Copper  Co.,  Lark,  IJtah. 

HoAAfl,  Olb  G. 1644  Taylor  St.,  San  Francisco,    Cal. 

HoATSON,  JoHir Box  202,  Ajo,  Arii. 

Hood,  OiNiP ISSlIrvingSt,  N.  W.,  Washington,  D.  C. 

Hopper,  Walter  E Bureau  of  Research,  War  Trade  Board,  Washington,  D.  C. 

Householder,  E.  Ross,  Co.  L,  Ist  Regiment  Replacement  Engineers, 

'  Washington  Barracks,  D.  C. 

Howe,    James   V 1616  S.    Boston   St.,    Tulsa,    Okla. 

Howe,   R.  E Care  Cananea  Copper  Co.,  Cananea,   Son.,   Mexico. 

HuseisaiAN,  Khoren  L Instructed  to  hold  ever3rthtng. 

lUHOFF,  Wallace  G.,  Lieut.,  Asst.  Engr.,  Airplane  Motor  Dcpt.,  Rich  Field, 

Waco,  Texas. 
Ikgersoll,  Gut  £.,  Asst.  Metal  Min.  Engr.,  Dept.  of  the  Interior,  Bureau  of  Mines, 

Crosby,  Minn. 
JoHNBON,  J.  D.,  Tech.  Asst.  Works  Mgr.,  Chester  ShipbuildinK  Co.,  Ltd.,  Chester,  Pa. 
Jokes,  Charles  H.,  Met.,  Minerals  Separation  Co.,  Ltd.,  62  London  WalL 

London,  E.  C.,  England. 

Keenbt,  Robert  M The  Iron  Mountain  Alloy  Co.,  P.  O.  Box  186,  Denver,  Colo. 

KellooOjIiEeO.  . .  .South  American  Development  Co.,  15BroadSt,.  New  York,  N.Y. 

KELI.T,   Frank  J Hussar,   Alberta,   Canada. 

Kennedy,  Gborog  A. ,  .2741   Federal  Boulevard,   Denver,   Colo.' 

KiTsoN,  H.  W.,  EnMgn,  U.  S.  N.  R.  F.,  Room  E,  Quarters  B,  U.  S.  Naval  Academy, 

Annapolis,    Md. 

Lanaoan,  William  H Major,  Engr.  R.  C,  Camp  A.  A.,  Humphreys,  Va. 

Lehmann,  Charles,  Care  Institution  of  Mining  and  Metallurgy, 

1  Finsouiy  Circus,  London,  E.  C,  England. 

LiNDSET,  James 516  Chamber  of  Commerce  Bldg^   Portland,  Ore. 

Linn,  T.  I.,  Care  Rev.  H.  L.  Yee,  Shantung  Christian  University,  Tsinan  City 

Shantung,   China. 

IjgT  Elmer Care  Air  Nitrates  Corpn.,  Muscle  Shoals,  Ala. 

LovEJOT,  John  M.,  lieut.,  F.  A.  R.  C,  Saumur  Artillery  School,  A.  P.  O,  No.  718, 

A.  E.  F.j  France. 
McA«E,  DanS. TheDorrCo.,  101  Park  Ave.,  New  York,  N.Y. 
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McAllen,  Jons  L.-. Lieut.,  Co.  B,  fl02d  Engineers,  A.  E.  F.,  Care  PcMitmMter,  N.  Y. 
McCoNNELL,  RoBEBT  E.,  lieut.,  U.  S.  N.  R.  F.,  Room  6312,  New  Interior  Bldg^ 

Navy  Dept.,  Washington,  D.  C. 

MacCoy,   Fbbdewck United  Verde  Copper  Co.,  Jerome,  Arii. 

Macia,    Jambs    H Box    655,    Tombstone,     Ariz. 

MAGNTia,     Benjamin Capt.,     Engineers    Reserre    Corps. 

Mather,  T.  W Care  Ceiro  dc  Pasco  Copper  Corpn.,  Lima,  Peru. 

Matthews,  Charles  H.,  Care  M.  A.  HamiA  A  Co.,  1300  Leader  News  Bldg., 

Cleveland,  O. 


Mead,  HauktL.,  Capt,,  QuarteimasterCorps,  N.  A.,  A.  E.  F.,  Care  Postmaster,  N.  Y. 
-■  "  "         '"  -■         "   """  t  f;  a.)  Artilleiy  School  of  Inatniction, 

A.  P.  O.  No.  711,  A.  E.  F.,  France. 


Mbad,  Richabd,  Corp.  (Battery  C,  101st  F.  A.)  Artillery  School  of  Instruction, 


MiLDON,   R.   B Westinghouse  Electric  A  MSg.  Co..  Lester,  Pa. 

Miltko,  Alexander Sgt.,  19th  Battery,  F.  A.  0.  T.  C^  Camp  Taylor,  Ky. 

Minor,    C.    E Bon    BB,    Douglas,    Ariz. 

Mitchell,  George,  Gen'l   Mgr.,  Jerome-Superior  Copper  Co.,  Ctarkdale,  Aiii. 

MooA,  John  Acgdst 9th  Co.  C.  A.  C.  of  C.  B.,  Fort  Monroe,  Va. 

Moore,  Hovabd  Waskkn,  Care  F.  M.  Townaend,  912  Higgins  Bldg.,  Los  Angeles,  Cal. 
Moore,  Redick  K.  .  .  .Ameri::an  Smelt.  &  Refin.  Co.,  Xlonterey,  N.  L.,  Mexico. 
MooEE,  Stanlet  R.  . . .  Rosebery-Suiprise  Min.  Co.,  Ltd.,  Sandon,  B.  C,  Canada. 

MiHR,  DoDQLAB Supt.,  Aitec  Mines,  Baldy,  New  Mexico. 

Negru,  jACQtiEe  S.,  Pvt.  No.  2504000,  Railway  Constr.  Troops  Depot,  (Draft  No.  76) 

Furfleet,  Essex,  England. 

Kelson,  H.  C Pvt.,  Co.  E,  3I4th  Engineers,  A.  E.  F.,  France. 

Neuok,  Wai/TEB  I Balloon  Co.  64,  Arcadia,  Cal. 

Niedino,  Burton  B Carbon  Hill  Coal  Co.,  Carbonado,  Wash. 

Ob*,  Felipe  B Ray  Cons.  Copper  Co^  Ray,  Ariz. 

Ormsbee,  Jaueb  J Box  993,  El  Paso,  Tex. 

OflBOBNE,  L.  D Supt.,  Manganese  Ass'n,  Las  Vegas,  Nev. 

OuQH,  Sydney  W.,  Care  Mr.  N.  W.  J.  Gibson,  7  Officers'  Quarters,  Royal  Arsenal, 
Woolwich,  London,  S.  E.  IS,  England. 

Paob,  E.  B 1st  Lieut.,  A.  S^  Sig.  R.  C,  Love  field,  Dallas,  Texas. 

Paoe,  Wiluam  K„  1st  Lieut.,  Ord.  R.  C.,  Care  Army  Inspector  of  Ordnance, 
Dayton  Metal  Products  Co.,  Dayton,  Ohio. 
Parker,  D.  J.,  Mine  Safety  Engr.,  U.  S.  Bureau  of  Mines,  4800  Forbes  St., 

Pittsburgh,    Pa. 

Pbmbbbton,  J.  R 803  Mayo  Bldg.,  Tulsa,  Okla. 

Perry,  Ralph  C,  Candidate,  26th  Training  Battery,  Field  Artilleiy,  Central  O.  T.  S., 

Camp  Taylor,  Ky. 

Ppodts,  Eluer Butters,  Divjsadero,  Dept.  Mora  z  au,  El  Salvador,  C.  A, 

Pipkin,  Phiup  H Lieut.,  116th  Engineers,  A.  P.  O.  No.  733,  A.  E.  F.,  France. 

Plcmmbr,    F.    B Box   156,    Mineral   Wells.   Texas. 

Pond,  Walter  F.,  Capt.,  Headquarters,  30th  Engineers  (Gas  &  Flame  Regiment), 

A.  E.  F.,  Care  Postmaster,  N.  Y. 

Price,  C.  J. Gen'l    Mgr,  The  Bumet-Texas  Graphite  Co.,  Burnet,  Texas. 

Price,  Harold  C,  Lieut.,  C.  A.  R.  C,  53d  Ammunition  Train,  C.  A.  C, 

A.  E.  F.,  France. 

Price,  Viroil  T 10th  Co.,  164th  Depot  Brigade,  Camp  Funaton,  Kansas. 

Prinole,  Lbwib  B.,  Office  Mgr.,  Gregg  Varnish  Co.,  197  E.  Grand  St.,  St.  Louis.  Mo. 

Rankin,  James  J 5  West  103d  Street,  New  York,  N.  Y. 

Read,  J.  Burns,  Capt.,  Ord.  R,  C,  Inspection  Div.,  1847  Lamont  St.. 

Washington,  D,  C. 

Rhoadb,  Albert  E 642  Book  Bldg.,  Detroit,  Mich. 

Rbichel,  Dan Care  Seiad  Chrome  Mine  Hamburg,  Siskiyou  Co.,  Cai. 

Bbttib,  Wiluam  H 32  Glovei'  Ave.,  Yonkers,  N.  Y. 

Riddle,  Donald  D.,  Midwest  Refin.  Co.,  819  First  National  Bank  Bldg.,  Denver  Colo. 

Roberts,    John    R Box    938,    Wichita    Falls,    Texas. 

Robinson,   Harry  O Instructed  to  hold  everything. 

RoccA,  Bbrnard  T Care  Virginia  Louise  Min.  Co.,  Pioche,  Nev, 

Ross,  Clyde  P.,  Photographic  Dept.,  Military  Aeronautics,  21  Crowninshield  Road, 

Brookline,  Mass. 
RouDABDsH,  Martin  A.,  2d  Lieut.,  Engrs.  R.  C,  A.  E.  F.,  Care  Postmaster,  N.  Y. 
Rdlb,  J.  Arthur,  Asst.  Supt.,  United  Verde  Extension  Smelter,  Verde. 

via  Ciarkdale,  Ariz, 
DESATJLLEe,  Charlbs  A.  H.,  Gen'l  Mgr.,  American  Smelt.  &  Refin.  Co.,  Denver,  Colo. 
Sanders,  W.  Mdrray 8009  Navaho  St.,  St.  Martins,  Philadelphia,  Pa. 
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Samtobd,  Chabd  O Supt.,  Wilsture  Bishop  Cieek  Miae,  Bishop,  Gal. 

Seabs,  MoBnuBK  A.,  Geol.  and  Min.  lAgr.,  505  First  National  Bank  Bldg., 

Huntington,  W.    Va. 
Se&mon,  W.  H.,  Jb.,  Pvt.,  Co,  A,  27th  Engineers,  A.  E.  F.,  via  Poatmaeter,  N.  Y. 

Srw,  G-D8TAV Box  543,  8t.  Louis,  Mo. 

Sheffield,  B.  8.,  Min.  and  Pet.  Engr.,  Standard  Oil  Co.,  of  New  York, 

26  Broadway,  New  York,  N.  Y. 
Smith,  F.  G.,  Met.,  Ord.  Dept.,  Inspection  Div.,  Non-ferrous  Met.  Branch, 

6th  ftn<J  B.  Sta.,  N.  W.,  Waaliington,  D.  C. 

SuTH,  Frmtk  a 2d  Bat.   Ordnance  Detachment  C,  Edgewood,  Md. 

Smith,  H.  G 103  So.   Ounter  St.,  Vinita,  Okla. 

Snedakxb,  EnasNE  G.,  1st  Lieut.,  Co.  D,  4th  U.  S.  Engineers,  A.  E.  F., 

Care  Postmaster,  N.    Y. 
ScANTUM,  W.  L.,  Sales  Engr.,  Tngersoll-Rand  Co.  of  HI.,  1505  Peoples  Gtts  Bldg., 

Chicago,  III. 

SoMHEKTILLB,  WlLUAH  B.,  Jr Lieut    C.  A.  C,  Fort  Terry,  N.  Y. 

Spiceb,  H.  N The  Dorr  Co.,  101  Park  Ave.,  New  York,  N.  Y. 

Statx^  W.  H.,  Mine  Mgr.,  E.  J.  Lavino  &  Co.,  Bomfim,  Estado  de  Bahia,  Brazil. 

Steele,  Edwin  Goodwin Sutton,  Steele  &  Steele,  Dallas,  Texas. 

Stebm,  O.  W Burro  Mountain  Copper  Co.,  Tyrone,  N.  M. 

Steele,  W.  L. Sutton,  Steele  &  Steele,  Dallas,  Texas. 

SrENaBB,  Edwabd  L.,  Asst.  Supt.,  Mountain  Copper  Co.,  Ltd.,  Iron  Mountain, 

via  Keswick,  Shasta  Co.,  Cal. 

Stbwaht,  John  S 42  Park  Ave.,  West,  Mansfield,  Ohio, 

Stewaut,  Llotd  L.,  U.  S.  Government  Inspector,  Care  Hercules  Powder  Co., 

Berkeley,     Cal. 

Stoller,    F.    E. 1777   Rosedale   Ave.,    Cleveland,   O, 

Stott,  Georqe  E,,  Maatschappi]  lot  Mijn,  Bosh  En  Landbouer  Exploitatic, 

Tandjong   Poera,   Langkat,    0.    K.,  Sumatra. 

SrEOtJp,  Thomas  A Asst.  Engr.,  Utah  Fuel  Co.,  Clear  Creek,  Utah. 

Sutton,  Hbnrt  M Sutton,  Steele  &  Steele,  Dallas,  Texas. 

SwBBTBER,  Abthdr  L United  States  Public  Service  Reserve. 

Thouas,  David  R Care  American  Cyanamid  Co.,  Niagara  Falls,  Ont.,  Canada. 

Thomson,  Edward,  Geu'l  Mgr.,  Eapada  Mines  Co.,  Hostotpaquillo,  Jal.,  Mexico. 

Thbockmobton,    H 901    Powell    St..    San    mncisoo,    Cal. 

Thurbiin,  Robert  A Lieut.,  Co.  C,  308th  Engineers,  A.  E.  F.,  Irance. 

ToTODA,  HiDEEANE,  Min.Engr.,F\irukawaMin.  Co.,  Tateisffi-Macni,  Oitaken,  Japan. 

Treichlbb,  H.  E Care  Canadian  Copper  Co.,  Creighton  Mine,  Ont.,  Canada. 

Tbcex,  Arthur  F.,  Geol.,  Cosden  Oil  &  Gas  Co.,  902  Cosden  Bldg.,  Tulsa,  Okla. 

Uddek,  Jon  A GeoL  Sinclair  Gulf  Oil  Co.,  Box  16,  Cisco,  Texaa. 

ViSBL,  C.  E.,  Co.  M,  1st  Engineer  Training  &  Replacement  Raiment, 

Waahin^n  Barracks,  D.  C. 
Vivian,  J,  C,  The  TharaiB  Sulphur  &  Copper  Co.,  Ltd.,  Agencia  de  ThsrsJB, 

Huelva,  Spain. 
Wauters,  Charles  W.,  Eomgn,  U,  S.  Naval  Air  Station,  St.  Trojan, 

Cherante  Inf're,  Fnuice. 

Walter,  Raymond  A 710  North  Sth  St.,  Reading,  Pa. 

Wantio,  John  D.,  Jb Box  617,  Glendale,  Ari*. 

Weld,  C.  Minot.  .  .Dept.  of  the  Interior,  Bureau  of  Mines,  Washington,  D.  G. 

Wblsh,  L.  G 0925  Bennett  St.,  Httsbuigh,  Pa. 

Wendel,  Edmund 1st  Lieut^  Co,  A,  113th  Engineers,  A.  E.  F,,  France. 

Wbtmouth,  Fbbdbrick  A. Sales  Met.,  Bethlehem  Steel  Co^^  So.  Bethlehem,  Pa.    ■ 

WiUJAMB,  EnWABD  I Candidate,  2d  Training  Co.,  C.  A.  C.,  Port  Monroe,  Va. 

WiLLSON,  Harold  E Supt.,  Rothwell  Coal  Co.,  Dubree,  W.  Va. 

WiBSHiNa,  Bbbbert Selby  Oil  Jt  Gas  Co.,  805  Kennedy  Bldg.,  Tulsa,  Okla. 

Wolvbrton,   F.  M Jefferson  Barracks,  Mo. 

Wramfelmeier,  E.  L.  S^  Min.  Engr 2324  Kedmont  Ave.,  Berkeley,  Cal. 

Wrioht,  Frederic  E.,  Capt.,  OroT  R.  C,  War  Industries  Board,  Washington,  D.  C. 
Wrioht,  W.  H.,  Capt.,  Engr.  R.  C,  General  Engineer  Depot,  War  Dept., 

1438  R  W.  You  St.,  Washington,  D.  C. 

Wroth,   Jaues   S lat   Lieut      Engrs.    R.    C, 

Wtles,  Joseph  A 4131  Harrison  St.,  Washington,  D.  G. 

Yates,  A.,  Care' Ministry  of  Munitions,  Zetland  Hotel,  Saltbum-by-the-SeEu 

•  Yorkshire,  England. 

YeWiWhuano Phelps  Dodge  Coipn.,  Tyrone,  New  Mex. 

Zbiolkr,    W.    L. Index,    Wash. 
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Meuberb'  Addrebses  Wants  p 

N&me.  Last  oddrefls  of  Record  from  which  Mail  has  been  returned. 

AsHUORE,   E.   P 504  Sberboume  St.,   Toronto,   Ont     Canada. 

Ba»Nakd,C.  W NorthChicagoHoapita!,  2551  N.Clark  St.,  Chicago  IIL 

Babnbtt,  Wiluam  J. 8  Waterloo  Place,  Pall  Mall,  London,  S.  W.,  England. 

BoAB,  Robs  H Highland  Boy  Mine,  Bingham  Canyon,  Utah. 

BoDDiNQTON,     HKNttY    D Ruatan,    Bay    lalanda,     Spanish     Honduras. 

Brooke,    Lionel Minas   del   Tajo^    Rosario,    Sin.,    Mexico. 

Bbovne,  Arthur  B Malleable  Iron  Fittings  Co.,  Branford,  Conn. 

Bryant,  Georoe  W Apartado  86,   Guanajuato,  Gto.,   Mex. 

Bters,  Wheaton  B 50  Hampton  Hall,  Cambrid^,   Masa. 

CoNOVER,   M.   J Hotel  Bellevue,  San  Francisco,  CaL 

Dbnnib,    Paul    J Bisbee,  Ariz. 

Dbtert,    Wiluam    F Jackson,  Amador  Co,,   Cal. 

Ehlerb.  L.  W 2137  St.  Louia  Ave.,  St.  Louis,  Mo. 

ubFaria,  C,  C,  Fiscal  das  Estradas,  Rua  Condo  do  Bomfim,  No.  46, 

Rio  de  Janeiro,  Brazil. 

FiBLDiNO,    Sir    Charles Belmont,    Faveraham,    Kent,    England. 

HovLAND,  Henrt  B Los  Angelea  Athletic  Club,  Loa  Angeles,  Cal. 

luHorF,     Alexander Box     1548,     Miami,     Ariz. 

Kay,  DAvm  Nei^on Ray  Cona.  Copper  Co.,  Hayden,  Aria. 

Kernan,  Thomas  H.,  School  of  Mines,  Experiment  Sta.,  Univ.  of  Minnesota, 

Minneapoha,     Minn. 

Kluqbscbeid,  Walter  P. 616  W.  113th  St.,  New  York,  N.  Y. 

KoNsBLMAN,     Albert    8 Globe,  Ariz. 

Levy,  Milton  M 625  Cache  la  Pouche  St.,  Colorado  Springs,  Colo. 

Mavcdhber,  W.  R Chile  Exploration  Co.,  Chuquicamat^  Chile. 

NootTE^   DoMiNoo Tampico,     Mexi.-o. 

Prior,  Charles  E La  Blanca  y  Anexas  Mina,  Pachuco,  Hdal-.  Mexico. 

Roberts,  Edward  J.. .  .G«n'l  Mgr.,  Nevada  Pyramind  Min.  Co.,  Riverside  Hotel. 

Reno,  Nev, 

RooEBS,    B.    C Box    233,    Mulhn,    Tex. 

Robs,  Herbert  W 314  Pacific  Ave.,  Piedmont,  Oakland,  Cal. 

Simpson,    Kenneth   M 57  Post  St.,   San    Francisco,   Cal. 

Sticknet,  William  H 708  N.  Center  St,,  Reno,  Nev. 

ToNO,   SiNO  Kow 404   W.   115th  St.,   New   York,   N.   Y. 

Van  Rensselaer,  Arthur  M 119  E.  Slst  St.,  New  York,  N.  Y. 

Woo,  W.  K M  70  Sing  Kong  Li,  MinghonB  Road,  Shanghai^  China. 

Young,  Lewis  E 619  W.  Springfield  Ave.,  Champaign,  III. 


The  deaths  of  the  following  members  were  reported  to  the  Secre- 
tary's office  during  the  month  July  10,  1918,  to  Aug.  10,  1918. 

Date  of 
Election.  Name.  Dale  of  Death. 

1910  Caraahan,  R.  B.,  Jr 1918. 

1911  Dodge,  David  C 1918. 

1901  Irving,  John  Duer July  26,  1918. 

1896  Mackay,  Angus  R 1918. 

1899  Righter,  Thomas  M July  12,  1918. 

1915  Ringlund,  S July  24,  1918. 


ifl  by  Google 


AuERicAK  Institute  of  Minino  Ehoineebs  xxxv 

Candidatbs  for  Mbubbrship 

Afi>lication  for  Meuberssip. — The  Inatitute  desires  to  extead  its  privileges  to 
every  penon  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
pereons  should  be  admitted  to  memberahip  in  clasaes  for  which  they  are  not  qualified  ■ 
Members  of  the  Institute  can  be  of  great  service  if  thc^  will  make  a  practice  of  glanc- 
ing through  the  list  of  appUcants  and  promptly  notifymg  the  Committee  on  Member- 
ship, or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 


Applications  Lacking  Endorsement 

Applications  for  membership  have  been  received  from  Mr.  Ho^, 
Mr,  Teale  and  Mr.  Wilkie,  whose  records  are  given  below.  These  ap- 
plications lack  the  necessary  number  of  endorBers,  but  since  these  candi- 
dates live  at  some  distance  from  the  headquarters  of  the  Institute, 
their  records  are  published  here  in  order  that  any  members  who  are  ac- 
quainted with  them  may  be  advised  of  the  circumstances  and  may  have 
an  opportunity  of  writing  to  the  Secretary  endorsing  these  candidates. 


Menders 

lames  HoUi  E!uboea,  Greece. 

Proposed  by  P.  D.  Ahier. 

Bom  1871,  Lanarkshire,  Scotland.  Hutcheaoutown  Grammar  School,  Glasgow. 
Glasgow  Technical  College.  Member,  Institute  of  Min.  and  Met.  and  Federated 
Institute  of  Min.  Engra,  1890-95,  Min.  Apprentice,  McCreaths  &  Stevenson,  Glas- 
gow. 1895-97,  Underground  Colliery  Mgr.,  Podmore  Hall  Collieries,  Staffordshire. 
1897-1904,  Mines  Mgr.,  Aznalcollar  Minea,  Seville  Sulphur  &  Copper  Co.,  Seville, 
Spain.  1904-11,  Mgr.,  Heredia  Lead  Minea,  Linarea,  Spain.  1911-17,  Mgr.,  Anglo- 
Greek  Magnesite  Co.,  Ltd. 

Present  position:  Director  and  Mgr.,  Anglo-Greek  Magnesite  Co.,  Ltd. 

Donald  Cook  Wilkie,  Serembau,  Federated  Malay  States. 
Proposed  by 

Bom  1879,  Dundee,  Scotland.  Brothers'  school,  Penang,  Straits  Settlementa; 
Baptists'  School,  Rangoon,  Burmah;  Donaldson's  School,  Dundee,  Scotland;  1890- 
92,  Wallacetown  School,  Dundee,  Scotland.  1892-98,  Mechanical  and  electrical 
construction  and  repair  work;  engr.  experience;  drafting  room;  shop  at  aea,  Rosa  & 
Wilkie,  Scotland.  1898-99,  Asat.  Engr.,  China  Borneo  Co.,  Ltd.,  Sandakan,  B.  N., 
Borneo.  1901-03,  Salvage  Dept.,  Tangong  Pagar  Dock  Co.,  Ltd.,  Singapore.  1903- 
10,  Engr.,  Pyritical  Ore  Installation,  Sungei  Besi  recovery  of  tin  stone  from  arsen'  ' 
and  sulphurous  ores.  The  Straits  Trading  Co.,  Ltd.,  Sunsei  Besi,  Malay  States. 

Present  position — 1910  to  date:  Supt.  Engr.,  linggi  Plantationa  Ltd. 

Associate 

J«m»i  Willie  Teale,  Euboea,  Greece. 

Proposed  by  P.  D.  Ahier. 

Bom  1882,  Leeds,  England.  1886-90,  General  education,  Leeds  School  Board. 
1890-95,  Oaaett  School,  near  Wakefield.  1895-1902,  Oasett  Technical  School,  full 
engr.  course,  science  and  art.  South  Kensington,  obtaining  Advanced  Certificates. 
Correspondence  courses.  1898-1903,  Apprenticed  to  Bradley  &  Craven,  Ltd.,  Engra., 
Iron  &  Brass  Foundries,  Wakefield,  Qigfand.  1904-06,  Asat.  to  mech.  and  dec.  engr.. 
Old  Boundwood  Collieries,  Wakefield,  England.  1907,  Asst.  to  mech.  and  elec.  engr., 
Hoyland  Li!kat«ne  Collieries,  Ltd.,  Bamsley.  19(B|  Asst.  to  mech.  and  elec.  engr., 
Bullcroft  Main  ColUeries,  Doncaster,  England. 

Present  position:  Mech.  Engr.,  The  Anglo-Greek  Magnesite  Co.,  Ltd. 
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The  following  pereons  have  been  proposed  during  the  period  July  10, 
1918,  to  August  10, 1918,  for  election  as  members  of  the  lostitute.  Their 
names  are  published  for  the  information  of  Members  and  Aflsociates, 
from  whom  the  Committee  on  Membership  earnestly  invites  coohdential 
commumcatioDs,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  (varying  in  the  discretion  of  the  Committee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  commuoications,  before  any  action  ujJon  these  names  by  the 
Committee.  After  the  lapse  of  this  period,  the  Committee  will  recom- 
mend action  by  the  Board  of  Directors,  which  has  the  power  of  final 
election. 

JWemfters 

Edwaid  lohn  Albert,  Toronto,  Canada. 
Fropoaea  by  A.  G.  Kirby.  A.  H.  Brown,  John  A.  Rice. 

Bom  1882,  InEham  MUIb,  N.  Y.  Grammar  and  High  Schools,  Cleveland. 
International  and  American  Comapondence  Coiine,     Four  years,  Toronto  Technical 

School,  chem..  geo\.,  mineralo^  and  met.  Private  instruction.  1899-1908,  factory, 
office  and  field  work,  IngersoU-Sergeant  Drill  Co.  1908-11,  Eng.  design  and  installa- 
tion, Ingeraoll -Sergeant  Co.  and  Allis-Chalmers  Bullock,  Ltd.,  Western  Canada. 
1911-13,  Eag,  deaign  and  installation,  Canadian  Allia-ChBlmera,  Ltd.,  and  Canadian 
CJeneral  Electric  Co.,  Cobalt  and  Porcupine  Dist.  1913-15,  Mgr.  mining  dept., 
Canadian  Allis-Ch aimers,  Ltd.,  Toronto- 
Present  poaition — 1915  to  date:  Mgr.,  mining  and  power  dept.,  Canadian  Allia- 
Chalmcrs,  Ltd. 

Frank  D.  AUer,  Pueblo,  Colo. 

Proposed  by  E.  P.  Mathewson,  P.  A  Moaman,  Judd  Stewart. 

Bom  1867,  Buahnell,  HI.  1887  E.  Denver  High  School.  1902,  Grad.,  Colorado 
School  ot  Mines,  M.  E.  1897-1900,  Chem.,  Pertt  Amboy  plant,  M.  Guggenheim's 
Sons  refinery.  1900-02,  Chem.,  American  Smelt.  &  Hefin.  Co.,  Antofagaeta,  Chili, 
S.  A,     1909-14,  Mgr.,  Gatico  Min.  Co.,  Gatico,  Chili. 

Present  poaition — 1902  to  date:  Ore  purchasing  agent,  American  Smelt.  &  Refin. 
Co.,  S.  A. 
harles  J 
toposed  by  W 

Bom  1884,  Ft.  Madison  Iowa.  1899-1903,  Grad.,  Ft.  Madison  Iowa  High  School. 
1904-08,  Grad.,  Missouri  School  of  Mines,  B.  S.  1909,  Sampler,  Utah  Copper  Co., 
Garfield,  Utah.     1910-13,  Nevada  Cons,  concentrator  &  power  house  work. 

Present  position— 191S  to  dat«:  Leaching  foreman,  leaching  plant.  Anaconda 
Copper  Min.  Co. 

Harold  Alexander  Baxter,  Tacony,  Philadelphia,  Pa. 

Proposed  byA.  A.  Stevenson,  Orville  C.  Skinner,  R.  M.  Bird. 

Bom  1887,  Wilkea-Barre,  Pa.  1909,  Univ.,  ot  Michigan,  B.  Sc.  1909-11,  Met. 
Eng.,  H.  H.  FrankUn  Auto  Co.,  Syracuse,  N.  Y.  1911-13,  Sales  Dept.  Met.,  Midvale 
Steel  Co.,  Philadelphia,  Pa.  1913-15,  Asst.  Supt.;  1915-17,  Supt.,  Ordnance  Treat- 
ment Dept.,  Midvale  Steel  Co, 

Present  position — 1917  to  date:  Met.  Eng.  and  Operation  Supt.,  Tacony  Ord- 
nance Corpn. 

Clarence  Allen  Botaford,  Crested  Butte,  Colo. 

Proposed  by  S.  J.  Kidder,  D.  B.  Scott,  H.  P.  Bowen,  A.  M.  Howat. 
'Bom  1885,  SprinByille,  N.  Y.  1904,  Grad„  Griffith  Institute,  Springville,  N.  Y. 
1904-06,  Rodman,  office  asst.,  Engr.  Dept.,  Centennial  Copper  Co.,  Allouez  Min, 
Co.,  Old  Colony  Copper  Co.,  Mayflower  Min.  Co.,  Calumet,  Mich.  I906H39,  Michigan 
College  of  Mines,  Houghton,  Mich.,  B.  8.  and  E.  M.  1909-13,  Supt.,  Sombrero  Devel- 
opment Co.,  Globe,  Ariz.  1913  [summer),  Engr.,  Miami  Copper  Co^Miamr  Arii. 
1913-14,  Engr.  office,  Globe,  Ariz.  1914  (summer),  Chem.,  Superior  A  Boston  Copper 
Co.,  Copper  Hill  Ariz.  1914-17,  Emt.,  Ernestine  Min.  Co.  and  Mogollon  &Cnea 
Co.,  Mogollon,  N.  M.  1917  (summerf,  Supt.,  Caribel  Min.  &  MiU.  Co.,  Red  River, 
N,  M. 

Present  position— 1917  to  date:  Supt.,  Mc^ollon  Mines  Co. 


ifl  by  Google 
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Sicbard  Stuart  Burdette,  San  Antonio,  Tex. 

Proposed  by  E.  Francis  McCroeain,  J.  S.  Shaw,  J.  C.  Maben,  Jr. 

Bom  1884,  Edgewatcr,  N.  J.  1907,  School  of  Mines,  Columbia  Univ.,  E.  M. 
1006,  Bununer,  civil  eng.  for  Broderick  &  Wind  Cons.  Co.,  West  Point,  N.  Y,  1907-08, 
shift  boBB,  underground  mill  and  cyanide,  Mexico  Mines  of  El  Oro,  Ltd.,  El  Oro,  Mex. 
1908,  Frospectinj;  over  S.  W.  of  state,  Jal.,  Mex.  1908-10,  Asst.  Supt.,  Keystone 
tapper  smelter,  Tapalpa^  Jsl.,  Mex.  1910-11,  Mgr.,  Utah  Lead  Min.  Co.,  Mont«Ilo, 
Nev.;  also  Deputy  Mineral  Surveyor,  Utah.  1911-17,  Prof,  business  tor  aelf, 
Guadalaiara,  Jal.,  Mex.  1915-16,  Represented  Carranza  and  Villa  Oovemments, 
(not  both  at  same  time)  on  exportation  of  mineral  products  from  Jalisco. 

Present  position— 1917  to  dat«:  Capt.,  Ordnance,  R,  C. 

icito,  Honduras. 

).  Longan,  A.  R.  Gordon. 
Bom  1883,  Akron,  Ohio.  1890-99,  Public  schools,  Toronto,  Canada.  1899-1903, 
Home  study  and  private  tutor.  1903-04,  Instructions  in  engrg.  and  surveying. 
1903,  Mucker,  carman,  miner,  Calumet  &  Arizona  Min.  Co.,  Bisbee,  Arii.  1903-OS, 
Hand  driller,  miner,  machJneman,  Cananea  Cons.  Copper  Co^  la  Cananea,  Mex. 
1906,  Machineman,  timberman,  Green  Gold  4  Silver  Min.  Co.,  Conchena,  Mex. 
1907  Shift  boss,  Reforma  Min.  ft  Mill.  Co.,  Campo  Morado,  Mex.  1908,  Sbilt  boas, 
Mexico  Mines  of  EI  Oro,  EI  Oro,  Mex.  1909,  Shift  boss,  Amalgamated  Gold  Mines 
Co.,  La  Luz,  Mex.  1910,  Contr.,  Backus  &  Johnson  Min.  Co.,  Casapaica,  Pern,  S.  A. 
1911,  Prospecting  star  churn  drill,  Chile  Copper  Co.,  Cbuquicamata,  Chile,  S.  A. 
1911-16,  Shift  boss,  Pcnn  Copper  Co.,  Campo  Seco,  Cal.  1917,  Shift  boss,  Cananea 
Cons.  Copper  Co. 

Present  position — 1917  to  date:  Mine  shift  boss,  New  York  &  Honduras  Rosario 
Min.  Co. 

Arthur  Lacer  Court,  San  Francisco,  Cal. 

Proposed  by  W.  G.  McBride,  Walter  Harris,  Edward  H.  Nutter. 

Bom  1887,  MancfaeHt«r,  England.  1904-06,  Tutor.  1906-08,  Municipal  School 
of  Technology,  Manchester,  England.  1908-12,  Grad.,  Victoria  Univ.,  Manchester, 
England,  B.  Sc.,  University  certificate  of  special  proficiency  in  engrg.  subjects, 
1913,  Aflsociat*  Member,  Australian  Institute  of  Mining  Engineers.  1912-14. 
Engrg.  staff,  Asst.  Engr.,  erection  slime  concentrator  and  installation  mach.;  1914, 
Asst.  in  charge  slime  concentrator;  1914-15,  Flotation  foreman,  in  charge  general 
flotation  operations  and  experimental  research;  1916-17,  Asst.  Supt.,  general  met. 
operations.  Sulphide  Corpn.,  Broken  Hill,  N.  S.  W.,  Australia. 

Present  position — 1917  t<>  date:  Member  engr.  staff,  Minerals  Separation,  North 
American  Corpn. 

Charles  Edwards,  Murray,  Utah. 

Proposed  by  E.  C.  Hickman,  C.  W.  Adams,  B.  N.  Kilbourn. 

Bora  1882,  Manchester,  England.  1904,  Grad^  Univ.  of  HI.,  B.  S.  1904-07, 
Asat.  Chem.  and  Assayer,  National  Plant,  American  Smelt.  A  Refin.  Co^  So.  Chicago 
III.  1907,  Chem.,  Assayer  and  Bookkeeper,  Amador  Min.  &  Smelt.  Co.,  Iron  Mt. 
Mont.  1907-08,  Asst.  Chem.,  East  Helena  Plant,  American  Smelt.  &  Refin.  Co., 
East  Helena,  Mont.  1908-09,  Chief  Chem.,  Idaho  Smelt.  &  Refin.  Co.,  Ponderay, 
Ida.  1909,  Chem.  and  Sampler  at  mine  and  null,  Tinton  Reduction  Co^  Tinton,  So. 
Dak.  1911-12,  Asst.  Chem.,  Tacoma  Plant,  American  Smelt.  &  Refin.  Co.,  Tacoma, 
Wash.  1912-14,  Asst.  Chem.,  National  Plant,  American  Smelt.  &  Refin.  Co.,  ~ 
Chicago,  111. 

Present  position — 1914  to  date:  Chief  Chem.  and  Asst.  Met.,  Murray  Plant, 
American  Smelt.  &  Refin.  Co. 

OUver  Jones  Egleston,  Salt  Lake  a^,  Utah. 

Proposed  by  Sidney  J.  Jennings,  L.  D.  Anderson,  Ernest  Gayford. 

Bom  1877,  Wykofl,  Minn.  1900,  Minnesota  School  of  Mines,  E.  M.  1900-01, 
Draft«man,  George  K.  Fischer,  Cons.  Engr.  1901-18,  Engr.  dept..  United  States 
Smelt.,  Refin.  &  Min.  Co. 

Present  position:  Chief.  Eng,;  United  States  Smelt.,  Refin.  &  Min.  Co. 

Frank  Fraocstt  Espie,  Upper  Burma,  Asia. 
Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenks,  Allan  B.  Calhoun. 
Bom  1890,  Adelaide.     1902-08,  St.  Peter's  CoiieveXe  School,  Adelaide.     1908-13, 
Adelaide  Univ.  and  South  AustraUan  School  of  Mines,  gioduating  as  Bachelor  of 
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fingineering  &nd  Fellow,  S.  A.  S.  M.  1911,  Underground,  Golden  Horecsho©  Estates, 
Ka^oortie;  1912,  Timbenaan;  1913-14,  Flotation  plant,  British  Broken  Hill  Prop., 
Ltd.,  Broken  Hill.     1914,  Asat.  surveyor,  Burma  Mines,  Ltd. 

Present  position — 1915  to  date;  Mine  surveyor,  charge  of  survey  section,  min. 
dept.,  Burma  Mines,  Ltd. 

George  Clark  Gester,  San  Francisco,  Cal. 
Proposed  by  E.  G.  Gaylord,  J.  A.  Taff,  M.  E.  Lombard!. 

Bom  1884,  Buffalo,  N.  Y.  1904-08,  Univ.  of  Cal,,  min  and  geol.,  B.  S.  1908-09, 
Aast.  Inatr.  Mineralogy,  Univ.  of  Cal.     1909-14,  Geo!.,  Southern  Pacific  Co,     1914- 

16,  Geol.,  charge  of  exploration  work,  Peru,  S.  A.,  tor  Standard  Oil  Co.,  N.  Y.     1916- 

17,  Independent  min.  and  geol.  work. 

Present  position — 1917  to  date :  Geol.,  Standard  Oil  Co. 

Ernest  Howard  Orek,  Northern  Shan  States,  Upper  Burma. 

Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenks,  Allan  B.  Calhoun. 

Bora  1884,  Scotland.  1898-1902,  Brighton  Grammar  School,  Melbourne,  Vic, 
Australia.  1903-07,  Grad.,  Melbourne  Univ.,  M.  E,  1908-10,  Underground,  Oroya 
Brownhill  Co.,  millmg  dept..  Lake  View  Consuls  (Lake  View  &  Star)  Kalgoorlie. 
1910-11,  Surveyor,  Vivien  Gold  Min.  Co.,  Lawlere,  W.  Auatralia.  1911-12,  Surveyor, 
head  office,  Bewick  MoreinK  A  Co.,  Kalgoorlie,  W.  Auatralia,  1912-15,  Chief 
Mine  Surveyor.     1916,  Mine  Foreman,  Burma  Mines,  Ltd. 

Present  position — 1917  to  dat«:  Asst,  Mine  Supt.,  Burma  Mines,  Ltd. 


a  1889,  Abeline,  Kan.  1896-1904,  Grammar  Bchool,  Pomona,  Cal.  1904-08, 
High  school,  Lob  Angeles,  Cal,  1914,  Univ,  of  California,  Berkeley,  Cal.,  B.  S. 
1909,  summer,  Eng.  Dept,  City  of  Los  Ajigeles.  1910,  summer,  Harper-Hill  Brick 
Co.,  Seattle,  Wash.  1911,  summer,  Los  Angeles  aqueduct.  1912,  United  States 
Reclamation  Service,  Yuma,  Aris.  1913  summer.  North  Star  mine,  Grass  Valley, 
Cal,  and  Gaston  mine,  Gaston  Ridge,  Cal,  1914,  summer,  Empire  mine,  Grass 
Valley,  Cal,  1915-16,  Surveying,  sampling,  assayer  and  specimen  boss,  cyanide 
plant.  Empire  Mines  Co.,  Grass  Valley,  Cal. 

Present  position — 1916  to  date;  In  charge  of  sampling  and  assaying  dept., 
Chile  Exploration  Co.,  Dept.  of  Mines. 

HerreroB  P.  Hector,  Santiago  de  Chile,  S.  A. 
Proposed  by  F,  A.  Sundt,  I,  Gandarillas,  Berthold  Koerting, 
Bom  1890,  Ovalle.     1910,  Lyceum  of  Serena.     1910-16,  Univ.  of  ChUe.     1916, 
Grad,,  Univ,  of  ChUe,  E.  M. 

Present  position — 1917  to  date:  Eng,,  The  Chili  an -Bolivian  Mining  Syndicate. 

Austin  Taber  Hyde,  Keokuk  la. 

Proposed  by  R.  G.  Hall,  J.  A,  Caselton,  C.  A.  Grisham. 

Bora  1880,  Boston,  Mass.  1901,  Grad,,  Mass.  Inst,  of  Technology,  B.  S.  1901-02, 
Chem.;   1902-16,    Asst.   Supt.;  1915-17,  Supt.;  Fort   Hill  Chemical  Co.,  Boston, 

Present  position:  Mgr.,  Keokuk  Plant,  River  Smelt.  &  Refin.  Co. 

Herman  Norton  Johnson,  Salt  Lake  City,  Utah. 

Proposed  by  James  F.  Kemp,  Walter  Douglas,  Horace  V.  Winchell. 

Bora  1879,  BinKhamton,  N.  Y,  1899,  Grad.,  Binghamton  Central  High  School. 
1903,  Amherst  College,  Amherst,  Mass,,  B,  A,  1906,  Columbia  School  of  Mines, 
New  York,  E.  M,  and  M.  A.  1906-07,  Asst.  geol..  Anaconda  Copper  Min.  Co., 
Butte,  Mont.  1907,  Asst,  supt,,  Deeriodge  mines,  Deerlodge,  Mont,  1907-10, 
Expert  miner.  United  States  Forest  Service,  chiefly  in  Mont,,  Utah,  Ariz,,  and  New 
Mexico.  1910-11,  Geol.,  Progress  mines  of  New  Zealand.  1911-13,  Gen'l  Supt., 
Cons.  Gold  Fields  of  New  Zealand.  1913-16,  Geol.,  Burro  Mt.  Copper  Co.,  Tyrone, 
New  Mexico. 

Present  position — 1916  to  date:  Geol.,  United  States  Smelt.  Refin.  &  Min.  Co. 

Ernest  C.  Koch,  Westmount,  P.  Q.,  Canada. 
Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenks,  Allan  B.  Calhoun. 
Bom  1890,  Chicago,  111.     1911,   McGill  Univ.,  Montreal,  B.  Sc.     1909,  Miner, 
Canadian  Copper  Co.,  Creighton,  Ont.,  Canada.     1910,  Experimental  milling  plant. 
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Com.  Min.  &  Smelt.  Co.,  Moyie,  B.  C.  1911-14,  Draftoman,  asst.  to  underground 
mine  mgr.  and  supt.,  charge  of  tunnel  operations,  Nova  Scotia  Steel  &  Coal  Co., 
Wabana,  Newfoundland. 

Present  pomtion — 1914  to  dat«:  Shift  boes,  Bawdwin  mine,  Burma  Minee,  Ltd., 
Xamtu,  Asia. 

Edward  William  Lawler,  Bayonne,  N.  J. 

Proposed  by  R.  B.  T.  Kiliani,  Fred  L.  Wolf,  A.  P.  Watt,  H.  W.  Hardinge. 


Mfg.  Co. 
Presei 


Bora    1878,   Jersey   City,    N.   J.     Pratt   Institute,   Brooklyn, 

ileeman  and  eng..  Abbe  Engr.  Co.,  New  York,  N.  Y.     19(fe-ll,  Mgr.,  Hardinge 

v,onical  Mill  Co.,  New  York,  N.  Y.     1911-13,  Supt.,  Kenilworth  RubberCo.,  defunct. 

1913-15,  Gaining  experience,  Worthington  Pump  Works;  Engr.  Salesman,  Jeffrey 

:nt  position — 1916  to  date:  Mgr.  Hardinge  Conical  Mill  Co. 

Smea  HcFarlane  Little,  Towanda,  Fa. 
oposed  by  Charles  P.  Berkey,  Jamea  F.  Kemp,  Alfred  J.  Moses. 

Bora  1886,  Towanda,  Pa.  1903-04,  Civil  Engr.  course,  Pennsylvania  MiUtary 
CollMe,  Cheater,  Pa.  1904-07,  Columbia  Univ.,  E.  M.  1907,  Eng.,  Salt  Lake  Cop- 
per Co.,  Tecoma.  Nev.  1908,  Eng.,  Octave  Gold  Min.  Co..  OcUve,  Ari*.  1908-09, 
Eng.  conatr.,  Phillipe  River  Gold  &  Copper  Co.,  West  Australia.  1910  Engrg.  Dept., 
Copper  Queen  Cons.  Min.  Co.,  Bisbee,  Ariz.  1910-13,  Geol.  Dept.,  Cananea  Cons. 
Copper  Co.,  Cananea,  Mex.  1913-14,  Geol.  survey  of  property,  Mocteauma  Ariipe 
Dev.  Co.,  Cananea,  Mex.  1916,  Engrg.  Dept.,  Braden  Copper  Co.,  Chile.  1916- 
17,  Mine  exam.,  M.  Hochschild,  Chile. 

Present  position:  First  Lieut.,  E.  R.  C. 

Michael  H.  LoTeman,  Nam  Tu,  Northern  Shan  States,  Burma. 

Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenks,  Allan  B.  Calhoun. 

Bora  1888,  Summit,  N.  J.  I90a-<I9,  Columbia  Univ.,  A.  B.  1909-10,  M.  A. 
1910,  CleveUnd  Min.  Co.,  Haael  Green,  Wis.  1911-12,  Geo!  Miami  Copper  Co., 
Miami,  Ariz.  1912,  Charge  development  of  gold  pro^ct,  Osceola,  Nev.  1913. 
Charge  Cleveland  Gold  Min,  Co,,  Dryden,  Ont,  1913,  Exam,  work  in  Ont.  and 
Tenn. 

Present  position — 1914  to  date:  Chief  Geo).,  Burma  Mines,  Ltd. 


Bom  1880,  Flint,  Mich,  1901,  Grad,,  Michigan  College  of  Mines.  1901-02, 
Eng.,  Oliver  Min.  Co.,  Hibbing,  Minn.  1902-06,  Min,,  pereonally  owned  properties, 
Sta.  Barbara,  Mex.  1906-08,  Supt,,  Minas  Tecotas  y  Anexaa,  Sta.  Barbara,  Mex. 
190S-13,  Mgr.,  Guanajuato  Dev.  Co^  Guanajuato,  Mex. 

I>resent  position— 1913  to  date:  Coua.  Engr. 

Donjdd  Robert  HacKay,  Leadwood,  Mo. 

Proposed  by  Benedict  J.  Baker,  James  A.  Caselton,  R.  G.  Hall. 

Bom  1888,  Denver,  Colo,  1903-07,  North  Denver  Bifh  School.  1907-12, 
Colorado  School  of  Mines,  E.  M.  1912-13,  Electr,,  Excelsior  Min.  Co.,  Frisco,  Colo. 
1913-14,  Chem..  Arizona  United  Min.  Co.,  Johnson,  Arii.  1915,  Chem.,  El  Rayo 
Development  Co.,  Sta.  Barbara,  Mex.     1915-16,  Miner,  Tombstone,  Arii,     1916, 


Barry  J.  Helsel,  Butte,  Mont. 

Proposed  by  W.  D.  Mangam,  W.  C.  Siderfin,  E.  B.  Young. 

Bom  1881,  San  Francisco,  Cal.  High  School,  San  Francisco,  Cal.  1898-99,  Van 
der  Naillen  School  of  Mines,  San  Francisco,  Cal.  1900,  Falkenan  Technological 
Laboratory,  San  Francisco,  Cal,  1901,  Asst,  Supt.,  Great  Westera  Quicksilver  Min. 
Co.,  Cal.  1902-04,  Assayer  and  chem.,  Rawhide  Gold  Min.  Co.,  Cal.  1905-07. 
Min.  Eng,,  New  York  Honduras  Rosario  Min.  Co.,  C.  A.  1908,  Field  asst.,  U.  S.  Geol, 
Survey.  1909,  Supt.,  Rawhide  Gold  Min.  Co.,  Cal.  1910,  Mil!  supt.,  War  Eagle 
Min.  Co,,  Nev.  1911-14,  Field  eng.,  Weet  End  Cons.  Min.  Co^Nev.  1915,  Supt., 
Independent  Lead  Silver  Min.  Co.,  Cal.  1916-18,  Min.  eng,,  Elm  Orlu  Mm.  Co., 
Butte,  Mont. 

Present  position:  Litigation  and  efficiency  eng,,  Elm  Orlu  Min.  Co.  r 
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Tomotoshl  Nabeshinu,  Yabu-Gun,  Hyogo^Ken,  Japan. 
Froposeil  by  Shinji  Harada,  Ichiro  Kamimura,  C.  Kato. 

Bom    1888,    Saga-Ken,    Japan.     1903-08,    Middle    School,    Japan.     1908-11, 
High  School,  Nagoya,  Japan.     1911-14,  Tokyo  Imperial  Univ.,  Japan.     191^  Min. 
Metal   Min.   Dept.,    Miteubishi  Co.,    Tokyo,   Japan.     1914-16,   Min.    eng., 

o  date:  Supt.  of  miacs,  Mitsubishi  Akenobe  mine. 

WUiam  Hunt  Huttiog,  Anaconda,  Mont, 

Proposed  by  FredericK  Laiat,  Louis  V.  Bender,  Harry  S.  Ware. 

Bom  1859,  Jacksonville,  111.  1880,  Assay  office.  Lake  City,  Colo.  1882-87, 
Assayer  and  chem.,  Elgin  amelter,  Leadville,  Colo.  1888-90,  Reporting  on  smelting 
propositions,  several  different  places.  1891,  Asat.  to  W.  L.  Austin,  making  pyritic 
testr-nin,  Leadville,  Colo.  1892-1900,  Supt,,  Bi-metallic  8melt«r,  Leadville,  Colo. 
1901-06,  Designed,  built  and  operated,  Bingham  Copper  A  Gold  smelter,  Midvale, 
Utah. 

Present  position — 1906  to  date:  Supt.  of  tramming  and  weighing  dept., Washoe 
Reduction  Works,  Anaconda  Copper  Min.  Co. 

Kaymond  miliam  Panons,  Grass  Valley,  Cal. 

Proposed  by  Robert  H.  Bedford,  Arthur  B.  Foot*,  John  E,  Hogan. 

Bom  1888,  Grass  Valley,  Cal.  1902-06,  Grass  Valley  High  School.  1906-09, 
Univ.  of  California.  1909-13,  Shiftman;  1913-14,  Aaaayer;  1914^17,  Foreman, 
cyanide  plants.  North  Star  Mmea  Co.,  Grass  Valley,  Cal. 

Present  position — 1917  to  date:  Surveyor,  North  Star  Mines  Co. 

Carl  Bnino  Peteis,  Washington,  D.  C. 

Proposed  by  Charles  H.  Smith,  Newell  W.  Roberts,  C.  T.  Malcolmaon. 

Bom  1887,  Davos,  Switzerland.  Public  and  high  schools.  New  York,  N.  Y. 
1902-17,  Dir.,  Treas,  and  Sec,  Charles  F.  GamguesCo.,  New  York,  N.  Y. 


stitute,   Stratford,  London.     1908-11,   Prospecting  and  a 

'""""'      "  '""  '"    '  (saver.  Mount  Stephen  Min.  C      _  ___,  _.  _.     _  , 

ina  Red  Cliff  Min.  Co.,  Stewart,  B.  C.     1913-16,  Assayer, 
istom  practice,  Vancouver,  B.C. 

Present  position — 1916  to  date:  Private  practice  as  provincial  assayer  and  chem. 
Samuel  Bruce  Shutta,  Lyachbura;,  Va. 

Proposed  by  W.  A.  Stanton,  B.  G.  Klugh,  A.  B.  Hardie. 

Bom   1883,  Joliet,   III.     Grad.,  Joliet  Township  High  School.     1902-07,  Stove- 
tender  and  foreman  of  blast  furnace;  1907-17,  Aest.  Supt.,  blast  furnace,  IlUnois 
Steel  Co.,  Joliet,  111.     1917-18,  Supt.,  Mariettafumace.Lavmo  Furnace  Co.,  Marietta, 
Pa. 
Present  position:  Supt.,  Oriakany  furnace,  Lavino  Furnace  Co. 

Wilhelm  Trevor  Swoyer,  Sneedville,  Tenn. 

Proposed  by  Edward  L.  Dufourcq,  Martin  Fishback,  Kirby  Thomas. 

Born  1874,  Wilkes-Barre,  Pa.  1891-94,  Royal  Min.  Academy,  Freiberg,  Saxonj-, 
Germany.  1894-96,  Royal  Pmssian  Min.  Academy,  Clauathal,  Prussia,  Germany. 
1896-97,  Preliminary  R.  R.  survey  and  asst.  eng.,  Compania  Metalurgica  Mexicana, 
Sierra  Moiada,  Coah.,  Mexico,  1898-99,  Ene.,  San  Rafael  y  Anexaa  and  Barones 
and  Vicochea,  Zacatecas,  Mex.  1899-1900,  Min.  Eng^  Kansas  City  Cons.  Smelt. 
&  Refin.  Co.,  Santa  F.ulaUa,  Chih.,  Mex.  1901-05,  Cons.  Eng.,  Farral  Mexico  in 
firm  Preusse  &  Swoyer  &  van  Dreveldt.  1905,  Gen'l  Supt,,  Cia.  Minera  Ignacio 
Rodriguez  Ramos,  Cigarrero  mine.  Mex.  1906,  Cons,  eng.,  Mexico  City.  1907, 
Mgr.,  Preaidente  mine,  Naica,  Chih.,  Mex.  1908-10,  Mgr.,  New  Year  Min.  Co. 
and  Sierra  Mojina  Min.  Co.,  Sierra  Mojina,  Chih.,  Mex.  1911-13,  Mgr.,  Estella 
mine.  Santa  Eulalia,  Chih,  for  Bainbridge,  Seymour  &  Co.  of  London;  Cons,  eng.. 
El  Paso,  Texas.  1913-14,  Supt^  JariQa  Copper  Syndicate,  Orogrande,  N.  M. 
1915-16,  Independent  operator,  White  Oaks  and  Organ,  N.  M.  1916-17,  Mgr., 
United  Mmes  Dev.  Co.,  Organ,  N.  M. 

Present  position — 1917  to  date:  Chief  Eng.,  Southland  Explotatipo  Co. 
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Sermour  Paul  Ward,  McGill,  Nev. 

Proposed  by  R,  E.  H.  Pomeroy,  M.  R,  Hull,  William  A.  McCfty. 

Bom  1883,  Tabm,  Persia.  1909,  Grad.,  Ohio  State  Univ.,  Columbua,  Ohio, 
C.  E.  1904-05,  Chem.,  Carnegie  Steel  Co.,  Zanesville,  Ohio.  1905,  Chem^  AJma 
Cement  Co.,  Wellston,  Ohio.  1909-10  Ceramic  eng..  Big  Four  Clay  Co.,  Canton, 
CHiio.  1910-11,  Ceramic  eug.,  Simons  Brick  Co.,  Los  Angeles,  Cal.  1911-12,  Chief 
Chem.,  DurOBtone  Co.  of  America,  San  Diego.  1012-16,  Hieh  School  Teacher,  Los 
■  ngeles  Qty  Schools.     1816-17,  Supt.,  Glendale  Min.  Mill  &  Power  Co.,  Aurum,  Nev. 
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1917-18,  Ceramic  and  exp.  eng.,  Nevada  Cons,  Copper  Co. 

Present  position:  Eng.  in  chaise,  Pulverized  Coal  Dept.,  Nevada  Cons.  Copper  Co. 

Walter  Yictm-  ^nisoii,  Coult«rville,  Oal. 

Proposed  by  Nelson  Dickerman,  Newton  Cleaveland,  F.  A.  Gowii^. 
Bom  1891,  Vallejo,  Cal.     1910-12,  Stanford  Univ.  Cal.     1913-15,  Mgr.,  Moccasin 
line,  Moccaam  Min.  Co.    1915,  Examining  mines,  0.  E.  Gamble,  Cal^  Nev.  and  Utah. 
Present  Position— 1914  to  date:  Aaet.  Mgr.,  White  Gulch  Mia.  Co. 


Associates 

Chnng-jang  Chen,  Erie,  Pa. 

Proposed  by  Cbarlea  E.  Locke,  Edward  E.  Bugbee,  H.  0.  Hofman. 
Bom  1893,  China.    1910-13,  Tsing  Hua  College,  Peking,  Chins.*  1914-18,  Massa- 
chuaette  Institute  of  Technology,  S,  B. 

Present  position:  Inspector,  American  Brake  Shoe  and  Foundry  Co. 

David  Monj,  Jr.,  A.  E.  F. 

Proposed  by  J.  B.  Carfock,  Edward  Steidle,  T.  H.  Beddall. 

Bom  1885,  Troy,  N.  Y.  1891-1901,  Public  achools,  Troy,  N.  Y.  1901-02, 
Troy  Academy,  Troy,  N.  Y.  1903-06,  Rensselaer  Polytechnic  Inst.,  Troy,  N.  Y. 
1906-07,  General  Electric  Co.,  1907-09,  Chem.  and  bact..  City  of  Harrisburg, 
Harriaburg,  Pa.  1909,  Chem.  and  bact.,  Metro.  Sewage  Commission,  New  York, 
N.  Y.  1909-11,  Supt.,  Water  filtration,  Penn.  Water  Co.,  Pitt«bui?h,  Pa.  1911-12, 
Demga  of  purification  plants,  Dallas,  Texas.  1912-14,  Rea.  eng.,  Dallas  water 
purification  plant.     1614-17,  Bupt.,  water  purification,  Dallas,  Te:cas. 

Present  position:  1st  lieut.  Engis.  U.  s!  R. 

George  L.  Schmnti,  Douglas,  Ariz. 

Proposed  by  John  S.  Williams,  McHenry  Mosier,  S.  A.  Gardanier. 
Bom  1893.  Cumberland,  Md.     1907-11,  Grad.,  Alleghany  County  High  School. 
1011-12,  Student,  Lehigh  University.     1912-13,  mucker  and  miner,  Butte,   Mont. 

1911,  Irrigation  eng..  Miller  &  Lux,  Los  Banos,  Cal.  1914,  City  Eng-,  NilAnd,  Cal. 
1915,  AsBt.  constr.  eng.,  L  W.  Co.-3,  Calipatria,  Cal.  1915-16,  underground  eng., 
Los  Pilares  mine.     1916,  Miner,  Bisbee  and  Globe,  Arix, 

Present  position — 1917  to  date:  Member  of  firm,  Schmutx  &  Rugcn. 

Jamea  Hsjnioond  Towoseod,  Kingman,  Ariz. 

Proposed  by  Geoige  W.  Mark,  R.  C.  Jacobaon,  G.  W.  Kays. 

Bom  1893,  Los  Angeles,  Cal.  1910-12,  Los  Angeles  High  School.  1913,  Univ. 
So.  Cal.  Prop.  School.  1914,  Univ.  So.  Cat.  College  of  Law.  1916-16,  Dir.  Tungsten 
Mines  Co.,  operating  at  Bishop  and  Kingman,  Ariz.  1917,  Operated  manganese 
property  near  Ludlow,  Cal. 

Present  position — 1917  to  date:  Operating  tungsten  property. 

Arthur  A.  Wlieeler,  Peru,  S.  A. 

Proposed  by  Stuart  L.  Rawlings,  E.  E.  Barker,  J.  T.  Glidden. 
Bom  1892,  Crested  Butte,  Colo.     1898-1904,   Grade  schools,  Crested  Butle  & 
Denver,  Colo.     1905-07,   High  schools,   Denver,   Colo.     1908-11,   General  Course; 

1912,  Chem.  and  math.,  Jesuit  College,  Denver,  Colo.  1911,  summer,  millman, 
1912,  Assayer  and  millman,  Revenue  Tunnel,  SnefHee,  Colo.     1913,  Amalgamator. 
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Liberty  Bell  Min.  Co.,  Telluride,  Colo,;  Chem. and  melter.  Golden  Flint  Miu.  &  Mill. 
Co.,  Rollinsville,  Colo.  1914,  3  mo.,  bullion  melter,  amalgamator  and  millman, 
liberty  Bell  Min.  Co.,  Telluride,  Colo. 

Present  position — 1914  to  date:  Concentrator  foreman  and  testing,  Backus  ft 
Johnston  Co. 


Bora  1895,  Houghton,  Mich.     1913- 
uoughton,  Mich.,  B.  S.  and  £.  M.     I9Iu,  »»<..  uhk.,  Tii:<,uiia  m 
Mich.     1916-17^  Min.  Eng.,  Winona  CopMr  Oo^  Winona,  Mich. 

Present  position — 1917  to  date:  Chief  Bag.,  Bennett  Min.  Co. 


Junior  Asaodales 

Wlbur  Swett  Burbank,  Amesbury,  Mass. 

Proposed  by  Charles  E.  Locke,  H.  0.  Hofman,  Carle  R.  Hayward. 

Bom  1898,  Amesbury,  Mass.     1915,  Mase.  Inst,  of  Technology. 

Present  position — 1915  to  date:  Student,  Mass.  Inst,  of  Technology. 

Kicbard  Sturtevant  Everit,  Barre,  Mass. 

Proposed  by  Charles  E.  iJocke,  H.  O.  Hofman,  Carle  R.  Hayward. 
Bom  1897,  Framingham,  Mass.  1915,  Mass.  Inst,  of  TechnoloEy. 
Present  position — 1915  to  date:  Student,  Mass.  Inst,  of  Teciinology. 

George  Grimes  Heming,  Boston,  Mass, 

Proposed  by  Charles  E.  Locke,  H.  O.  Hofman,  Carle  R.  Hayward. 
Bora  1896,  Fort  Riley,  Kan.  1912-15,  Phillips  Exeter  Academy. 
Present  praition — 1915  to  date:  Student,  Mass.  Inat.  of  Technology. 

Frederick  Lawther  Peait,  Cambridge,  Mass. 


Bom  1896,  New  Castle.  Pa.     __ 
Hackley  School,  Tarrytown,  N.  Y. 

Present  position — 1015  to  date:  Student  Mass.  Inst,  of  Technology. 

Victor' Samoyloff,  Brif^ton,  Mass. 

Proposed  by  Charies  E.  Locke,  Edward  £.  Bugbee,  Carle  R-  Hayward. 
Bom  1878,  Russia.    1898,  Gymaasium  Kursk,  Russia.     1898-1909,  Mining  Insti- 
tute, Petrograd. 

Present  position — Student,  Mass.  Inst,  of  Technology. 


Change  of  Status— Junior  Associate  to  Member 

Johumea  Comeliasen,  Arequipa,  Peru. 

Proposed  by  B.  B.  Thayer,  WiUiam  Braden,  R.  M.  Raymond,  E.  J.  Hall,  William 
Campbell. 

Bom  1891,  Amsterdam,  Holland.  1897-1909,  Grammar  and  high  schools, 
Amsterdam,  Holland.  1910-14,  School  of  Mines,  Columbia  Tniv..  E.  M.  1914, 
Assisted  Mr.  R.  V.  Norris, esamination  work.  1914-15,  Timberman,drillrunnerand 
shiftboss,  New  Jersey  Zinc  Co.,  Franklin,  N.  J.,  1916,  Prospecting,  Colombia,  S.  A. 

Present  position — 1917  to  date:  Scout,  geol.  and  exiunmation  work,  The  Andes 
Exploration  Co. 
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BIOGRAPHICAL  NOTICES 
AHOS  PBASLBE  BROWN 
Amos  P.  Brown,  Professor  of  Geology  and  Mineral<%y  at  the  Uni- 
versity of  Pennsylvania,  and  a  member  of  the  Institute  since  1888, 
died  at  Atlantic  City,  Oct.  9,  1917.  An  extended  biography,  by  hia 
classmate  and  lifelong  associate,  Witmer  Stone,  was  published  in  the  Pro- 
ceedings  of  the  American  Philosophical  Society,  Vol.  57  (1918),  from  which 
the  following  brief  extracts  have  been  taken.  For  want  of  space,  we 
must  omit  reference  to  Professor  Brown's  extensive  and  valuable  work 
on  botany,  zoology,  paleontology,  and  physiolt^y,  to  the  latter  of  which 
sciences  he  applied  the  methods  of  microscopic  crystallography  with 
striking  success. 

Amos  Peaslee  Brown  was  bom  in  Gtrmantown,  Philadelphia,  on  Deo,  3,  1864, 

the  eon  of  Amoa  Peaslee  and  Fmnces  Brown,  and  the  fourth  child  of  a  family  of  seven 
Bons  and  two  daughters.  His  earheat  education  waa  received  at  a  gmall  private 
Bchool,  but  in  the  autumn  of  1877  he  entered  the  Germantown  Academy.  Deciding 
to  take  a  scientific  course  in  college  he  did  not  study  Greek,  and  dropped  Latin  in  his  , 
last  ^ears  at  school.  He  was  thus  able  to  graduate  in  June,  1882,  entering  the  Uni- 
versity of  Pennsylvania  the  following  autumn. 

He  took  the  Towne  scientific  course,  specialiiing  in  mining  ensineering  after  the 
sophomore  year.  He  studied  mineralogy  under  Prof.  George  A.  Koenig,  chemistry 
under  Prof.  Frederick  A.  Genth,  physics  under  Prof.  Georee  F.  Barker,  astronomy 
under  Prof.  E.  Otis  Kendall,  civil  engineering  under  Prof.  Lewis  M.  Haupt,  mathe- 
matics under  Prof.  Henry  W.  Spangler  and  botany  under  Prof.  Joseph  T.  Rothfock, 
He  graduated  in  June,  1886,  receiving  the  degree  of  B.  8,,  and  was  chosen  todeUver  the 
bachelor's  oration  at  the  oonim,encenient  at  the  old  Academy  of  Music.  He  remained 
at  the  University  another  year,  taking  the  post-graduate  course  in  mining,  and  received 
the  degree  of  E.  M.  in  June,  1887. 

Soon  after  graduation.  Brown  secured  a  position  as  aide  on  the  Second  Geological 
Survey  of  Pennsylvania,  under  Ashburner,  his  first  work  consisting  in  the  compilation 
of  data  respecting  the  coal-mining  operations  of  the  State.  This  occupied  a  year, 
mostly  in  the  field,  followed  by  oHice  work  in  Pittsburgh. 

Finishing  his  work  in  the  bituminous  region  in  June,  1888,  Brown  returned  to 
Philadelphia  and  accepted  a  position  imder  Mr.  Benjamin  Smith  Lyman^  who  had 
undertaken  a  survey  of  the  New  Boston  and  Morea  coal  lands  in  Schuylkill  County, 
near  Pottsville.     The  survey  was  a  private  enterprise,  but  the  map  was  afterward 

Eublished  by  the  State  Geological  Survey.  This  work  kept  Brown  in  the  field  until 
tte  in  the  autumn,  while  the  actual  drawing  of  the  map  was  done  in  Philadelphia  in 
the  winter.  In  the  following  spring  Mr.  Lyman  engaged  in  a  survey  and  report  on  the 
"New  Red"  formation  of  Bucks  and  Montgomery  Counties,  in  which  Brown  again 
acted  as  his  assistant  and  prepared  an  account  ot  the  igneous  rocks  of  the  district, 
which  accompanies  Mr,  Lyman's  report.  His  name  appears  on  both  the  Bucks 
County  map  and  that  of  the  Morea  anthracite  district.  In  the  early  autumn  of  1889, 
before  the  Bucks  County  survey  was  completed,  Brown  left  Mr.  Lyman  to  accept  a 
position  as  instructor  in  mining  at  the  University  of  Pennsylvania,  under  his  old 
professor.  Dr.  Koenig,  and  here  lie  remained  for  practically  the  rest  of  his  life.  In 
1890  he  was  instructor  in  mining  and  metallurgy ;  m  1892  professor  of  mineralogy  and 
geology  in  the  auxiliary  department  of  medicine,  which  he  held  until  the  abolishment 
of  the  department  in  1898.  On  March  5,  1895,  he  became  assistant  professor  of  min- 
eralof^y  and  geology  in  the  college  faculty,  and  full  professor  in  the  spring  of  1903, 
a  position  which  he  continued  to  hold  until  the  spring  of  1917,  when  he  was  forced  to 
resign  on  account  of  failing  health.  From  the  autumn  of  1892,  after  Dr.  Koenig'a 
retirement  from  the  University,  Brown  took  over  the  entire  direction  of  the  depart- 
ment, teaching  in  all  branches  of  the  subject^mineralogy,  geology,  lithology,  crystal- 
lography, minmg,  and  metatlurgy.  Soon  after  his  return  to  the  university  he  began 
studying  for  the  degree  of  Doctor  of  Philosophy,  which  was  conferred  upon  him  on 
June  16,  1893. 

During  the  time  of  his  first  activity  at  the  Academy  of  Natural  Sciences,  he  became 
closely  associated  with  Edward  D.  Cope,  who  was  then  professor  of  mineralogy  and 
geology — later  of  zoology  and  comparative  anatomy — at  the  University  of  Pennsyl 
vania,  and  who  thoroughly  appreciated  Brown's  ability  and  broad  knowledge.     In 
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the  Hummer  of  1893,  having  arranged  for  an  exi^loration  of  some  of  the  foaml  beds  of 
the  West  in  the  interests  of  the  Academy,  Cope  invited  Brown  to  become  his  aasociate 
on  the  trip,  an  invitation  which  he  eagerly  accepted.  Their  explorations  began  at 
Bism&rck,  N.  D.,  on  July  10,  and  covered  parts  of  both  North  and  South  Dakota, 
the  CimtnaroQ  River  District  of  Oklahoma,  the  northeastern  border  of  the  Staked 
Plains  of  Texas  and  portions  of  Kansas,  coming  to  a  close  on  September  4,  at  Galena, 
Mo.  The  results  of  the  reconnaissance  are  set  forth  in  a  paper  by  Cope  in  the  Pro- 
eeedinga  of  the  Academy.' 

In  August,  1902,  he  made  a  cruise  along  the  Labrador  coast,  and  camped  for  several 
weeks  at  Dove  Point,  at  the  head  of  Sandwich  Bay.  He  devoted  his  attention  mainly 
to  geologica]  problems,  and  to  a  study  of  the  general  geology  and  topography  of  the 
country.  In  1004,  he  made  geological  studies  for  certain  mining  properties  in  the 
central  Rocky  Mountains,  and  in  succeeding  years  made  similar  trips  to  Utah, 
Nevada,  and  Oregon. 

Up  to  1900,  Brown  had  published  comparatively  little.  In  1888,  he  wrote  an 
admirable  account  of  the  "Modes  of  Occurrence  of  Pyrite  in  Bituminous  Coal,"'  as 
part  of  his  work  with  the  State  Survey.  In  this  he  recognised  five  forms  of  occurrence 
and  traced  the  origin  of  tbe  pyrit«  to  the  iron  content  of  decomposing  plants  affected 
by  the  sulphur  from  gypaum  or  hydrogen  sulphide.  Nodular  pyrite  he  suggested  was 
formed  from  fish  remains  in  the  same  way ;  while  attention  is  called  to  the  present-day 
formation  of  pyrite  in  the  scum  seen  on  stagnant  pools.  In  1894,  he  pubUshed  "A 
Comparative  Study  of  the  Chemical  Behavior  of  Pyrit«  and  Marcasite,  ■  which  was 
bis  thesis  for  the  decree  of  Doctor  of  Philosophy.  This  is  distinctly  a  piece  of  chemical 
research,  dealing  with  the  relative  oxidation  of  sulphur  in  these  two  mineral  forma  of 
FeSij  by  various  solutions,  as  well  as  the  solubility  of  the  iron  in  various  acids.  Ho 
pubhshed  the  first  definite  account  of  the  crystallization  of  molybdenite  in  1896* 
and  in  1898  a  scholarly  account'  of  "Jade  and  Other  Green  Stones."  There  were 
several  short  notes  on  microscopical'  and  geological'  subjects  published  in  1896  and 
1897  and  the  notes  in  Lyman's  report'  and  in  Gtpe's  paper'  already  referred  to.  In 
1901  he  also  brought  out  a  new  edition  of  Emi's  well-known  textbook,  "Mineralof^ 
Simplified,""  which  was  used  by  his  classes  at  the  University.  Part  II  of  this  work 
was  entirely  rewritten,  while  Part  III,  on  "Physical  Determinative  Mineralogy," 
was  whoUv  original  and  reflects  Brown's  views  on  the  importance  of  sight  identification 
of  minerals, 
vntoc 

another  visit  in  April,  passing  on  this  tim«  to  Panama,  where  he  studied  the  geological 
formations  exposed  in  the  canal  cuts  and  discovered  some  interesting  beds  of  fossils 
from  which  he  made  valuable  collections.  The  study  of  these  upon  his  return  to 
Fluladelphia  showed  them  to  be  of  such  importance  that  he  was  led  to  make  still 
another  trip  in  August  for  the  purpose  of  securing  additional  material. 

During  the  period  just  described,  two  mineral ogical  pubhcations  were  issued  in 
which  Brown's  name  appears  as  joint  author.  One  of  these,  in  the  preparation  of 
which  he  was  associated  with  Dr.  Fersifor  Frazer,  consisted  of  a  series  of  taoles  for  the 
determination  of  minerals  by  physical  properties,"  while  the  other,  in  which  Dr. 
Frederick  Ehrenfelt  was  his  aasociate,  was  a  report  on  the  minerals  of  Pennsylvania" 
published  by  the  Topographical  and  Geological  Survey  of  the  State  in  1913. 

'"Observations  on  the  Geology  of  Adjacent  Parts  of  Oklahoma  and  N.  W. 
Texas,"  Proe.  Acad.  Nat.  Sci.  Phila.,  1894,  pp.  63-68. 

TrojM.  A.  I.  M.  E.,  1888,  16,  dd.  539-64e, 

'Proc.  Amer.  Philos,  Soc.,  XXXIII,  1894,  225-243. 

'Proc.  Acad.  Nat.  Sci.  Phila.,  1896,  pp.  210-211. 

'Bua.  MuB.  Sci.  and  Art,  Univ.  of  Penn.,  I,  No.  3,  pp.  140-146,  April,  1898. 

'"Boa  Mosa  Leaves,"  Amer.  Montkly  Microscop.  Jour.,  XVIII,  1897,  232. 

'"  Red  Color  of  Certain  Formations,"  Amer.  Geoiopwf,  XVII,  1896,  p.  262,  "Sec- 
tion of  Chalcedony,"  Amer.  Monthly  Microscop.  Jovr.,  XVIII,  1897jii.  235. 

'Report  on  the  New  Red  of  Bucks  and  Montgomei^  Counties.  Fmal  Rept.  Penn. 
State  Geol  Survey  (1895),  Vol.  Ill,  Ft.  11,  pp.  2689-2638. 

•Proc.,  Academy  of  Natural  Science  1894,  pp.  63-68. 

""Mineralogy  Simplified."  Third  edition  (1901),  Philadelphia,  Henry  Carey 
Baird  4  Co.,  pp.  i-)ixvii  +  1-383. 

""Tables  lor  the  Determination  of  Minerals  by  Physical  Properties,"  Phila- 
delphia, J.  B.  Lippincott  A  Co.,  1910,  pp.  i-xiii,  I,  1-125. 

""MineralB  of  Pennsylvania,"  Topog.  and  Geolog.  Survey  of  Penna.,  Report 
No.  9,  pp.  1-160,  1913. 
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In  the  Bummer  of  1913  Brown  nude  &nother  trip  to  the  tropics,  touching  at  George- 
town, British  Guiana,  and  spending  some  time  on  the  isl&nd  of  Antigua.  Here  ue 
made  a  representative  collection  of  fossils  and  on  his  return  published  a  cumpre- 
hensive  account  ot  the  geology  of  the  island." 

FrofcaBor  Brown's  powers  of  observation  were  keen  and  his  deductions  remarkably 
accufate.  He  had  welMefined  opinions  on  scientific  topics  and,  while  not  hesitating 
to  express  them,  he  was  loath  to  force  them  upon  others  or  to  engine  in  argument  or 
controversy,  and  in  aasumii^  without  prot«Bt  whatever  tasks  were  allotted  to  him  he 
often  bore  far  more  than  his  share  of  the  burdens  of  life.  His  qu^et  unassuming  man- 
ner attracted  those  with  whom  he  came  in  contact,  while  he  possessed  none  of  the  quali- 
ties that  make  enemies. 

ROBERT  BROWN  CARNAHAH,  JR. 

Robert  Brown  Caj-nahan,  Jr.,  Vice-President  of  the  American  Rolling 
Mill  Co.,  Middletown,  Ohio,  died  on  June  22, 1918,  at  Middletown.  He 
was  born  at  Pittsburgh,  Pa.,  Mar.  17,  1870. 

Mr,  Carnahan's  active  buaineas  career  began  with  the  Deweea-Wcods 
Co.,  of  McKeesport,  Pa.,  with  whom  he  became  associated  in  1891  upon 
graduating  from  the  TJiiiversity  of  Pittsburgh.  In  1899  he  went  with  the 
Carnegie  Steel  Co.  at  its  Homestead  Works,  where  he  was  ei^aged  in 
special  research  in  connection  with  the  development  of  the  open-hearth 
furnace.  When  the  American  Rolling  Mill  Co.  began  operations  in 
1900,  Mr.  Carnahan  became  one  of  the  hrat  members  of  the  working 
ot^anization  in  the  capacity  of  chief  chemist  and  open-hearth  Buperin- 
teodent.  Mr.  Carnahan  was  connected  with  the  American  Rolling  Mill 
Co,  until  his  death,  holding  the  position  of  General  Superintendent 
and  later  Vice-pr^ident  in  charge  of  research  and  metallurgical  develop- 
ment work.     It  was  under  his  direction  that  Armco  iron  was  developed. 

Mr.  Carnahan  was  a  man  of  most  unusual  talents  and  energy  and 
through  his  study  and  development  of  metallui^cal  problems  connected 
with  the  use  of  the  open-hearth  furnace  in  the  iron  and  steel  industry, 
became  a  scientist  of  international  note.  The  results  of  his  studies  con- 
stitute a  distinct  contribution  to  the  advancement  of  American  and  for- 
eign metallurgy.  Mr.  Carnahan  was  granted  the  Degree  of  Doctor 
of  Philosophy  by  the  University  of  Pittsburgh  in  June,  1912.  Though 
indomitable  and  untiring  in  his  work,  Mr.  Carnahan's  generous,  kincUy 
and  optimistic  spirit  made  him  many  warm  friends  here  and  abroad. 

In  addition  to  membership  in  the  American  Institute  of  Mining 
Engineers,  he  was  also  a  member  of  the  American  Iron  and  Steel  Insti- 
tute, British  Iron  and  Steel  Institute,  American  Society  for  Testing 
Materials,  University  Club,  Queen  City  Club  and  Business  Men's  Club 
of  Cindnnati, 

DAVID  C.  DODGE 

David  C.  Dodge,  one  of  the  foremost  railroad  pioneers  of  Colorado, 
died  at  Denver,  July  19,  1918,  at  the  ^e  of  81  years.  He  had  been  a 
member  of  the  Institute  since  1911. 

Colonel  Dodge  was  born  in  Shirley  township,  Mass.,  Nov.  17,  1837, 
and  received  his  schooling  at  Lawrence  academy,  Groton,  Mass. 

He  went  to  Denver  in  the  early  sixties  and  engaged  in  the  general 
mercantile  business  with  the  Milo  Smith  company.    He  soon  entered 
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public  life  and  served  as  city  clerk  and  as  a  member  of  the  board  of  public 
works  of  Denver. 

He  entered  the  railroad  business  in  February,  IS53,  and  began  as 
chairman  of  the  engineer  corps  of  the  Fox  River  Valley  road  in  Illinois 
and  Wiseonsin  and  in  the  engiijeer  corps  of  the  Wisconsin  Central  Rail- 
road. From  March,  1856,  to  1857,  he  was  with  the  engineering  depart- 
ment of  the  Chicago,  Iowa  &  Nebraska  road.  From  1857,  he  b^an 
service  as  general  freight  and  passenger  agent  and  paymaster  of  the  same 
road. 

In  1864  he  went  to  Chattanooga,  Tenn.,  to  serve  in  the  commissary 
department  of  the  United  States  army  and  later  served  in  the  quarter- 
master's department  at  Memphis.  He  was  general  agent  of  the  Chic^o 
&  Northwestern  railroad  of  Nevard,  Iowa.  From  1867  to  1870  he  served 
as  general  agent  of  this  road  in  Denver,  helping  to  build  the  first  lines  inta 
Denver  at  the  same  time. 

The  next  year,  when  the  Kansas  Pacific  was  completed  to  Denver, 
he  became  general  agent  of  that  road.  About  this  time  he  began  to  dream 
of  a  railroad  running  along  the  mountains  with  spurs  into  each  of  the  can- 
ons. In  this  he  was  supported  by  Gen.  W,  J,  Palmer,  Gov.  A.  C.  Hunt 
and  R.  F.  Weitbrec.  Then  the  Denver  &  Rio  Grande  was  completed  to 
Colorado  Springs  and  Mr.  Dodge  became  its  first  freight  and  ticket  agent. 

In  1880,  he  became  general  manager  of  the  road.  It  was  the  acquaint- 
ance and  close  friendship  between  General  Palmer  and  Colonel  Dodge 
that  meant  greater  things  for  Colorado  from  this  time  forward,  for  all 
of  the  great  railroad  building  projects  began  at  this  time. 

In  1885,  Colonel  Dodge  was  sent  to  Mexico  to  manage  the  affairs  of 
the  Mexican  National  Railway.  He  became  its  second  vice-president 
under  General  Palmer  in  1887.  Then,  as  manner  of  the  Rio  Grande 
Western  in  Utah,  Colonel  Dodge  built  a  standard-gauge  road  through  to 
Salt  Lake  City.  For  the  next  II  years  he  and  General  Palmer  were 
building  constantly.  He  was  once  receiver  for  the  Moffat  road  and  in- 
vested heavily  in  its  reconstruction,  pushing  its  rails,  even  during  the 
panic  of  1907,  through  to  the  coal  fields  in  the  Gore  cafion. 

His  achievement-s  were  summed  up  by  his  friend,  Andrew  S.  Hughes, 
traffic  manager  of  the  Denver  &  Rio  Grande,  as  follows:  "Colonel 
Dodge  was  at  all  times  interested  in  upbuilding  this  State.  As  a  railroad 
manager  he  stood  pre-eminent,  and  also  belonged  to  that  fast  diminishing 
band  of  pioneers  that  did  so  much  toward  the  advancement  of  Colorado 
and  the  West  generally.  A  strong  man  among  able  men,  he  will  be  sadly 
missed  by  the  community  at  large." 

JOHM    DITER    IRVING 

John  Duer  Irviiy;,  who  left  his  post  as  Professor  of  Economic  Geolt^fy 
at  the  SheflSeld  Scientific  School,  New  Haven,  Conn.,  to  join  the  Eleventh 
Regiment  of  Engineers  shortly  after  the  declaration  of  war,  died  in  France, 
July  26,  1918,  from  an  attack  of  pneumonia.  Through  the  initiative 
of  Mr.  Benjamin  B,  Lawrence,  a  memorial  service  to  Captain  Irving 
was  held  at  St,  Paul's  Chapel,  Columbia  University,  on  Sunday  afternoon, 
August  4,  which  was  attended  by  members  of  Captain  Irving's  family, 
and  about  four  hundred  of  his  friends  from  Columbia,  Yale,  the  American 
Institute  of  Mining  Engineers  and  the  Association  of  the  llth  Regiment 
of  Engineers.     Professor  James  F.  Kemp  delivered  the  memorial  address. 


ifl  by  Google 


AuKRiCAN  Inbtitttte  OF  MiNiifo  Engineebs  xlvij 

and  has  prepared  for  the  Bulleiin  the  following  account  of  Captain  Irving'8 
life,  Professor  Kemp  and  Captain  Irving  having  been  associated  on  the 
moat  intimate  terms  for  a  number  of  years. 

The  war  has  brought  home  to  friends  and  kin  in  the  western  shores 
of  the  Atlantic  many  losses  whose  suddenness  has  the  shock  of  a  blow. 
Many  more  will  follow,  but  none  can  leave  a  sharper  sense  of  regret  than 


CAprAiN  John  Duer  Irvinq. 
the  news  that  the  keen  and  productive  mind;  the  inspiring  teacher; 
the  successful  and  considerate  editor,  the  fine,  true  man  and  friend  had 
all  passed  away  when  John  Duer  Irving  made  the  final  great  gift  to  the 
service  of  his  country,  in  the  cause  of  decency  and  right.  In  the  closing 
days  of  July,  the  cable  brought  the  tidings  that  toward  midnight  on  the 
twentieth  of  the  month  pneumonia  had  proved  too  great  a  tax  upon 
one  ah-eady  worn  by  excessive  labors.  /  -  i 
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John  Duer  Irving  was  born  in  Madison,  Wis.,  August  IS,  1874. 
His  father,  Roland  Duer  Irving,  was  at  the  time  professor  of  geology, 
mineralogy  and  metallurgy  in  the  State  UniverHity  of  Wisconsin.  Roland 
Irving,  the  father,  had  entered  Columbia  College  in  1863,  but  trouble 
with  Ms  eyes  compelled  him  to  suspend  his  studies  in  the  classical  course 
in  his  sophomore  year,  and  to  replace  study  with  some  months  of  life  and 
travel  in  England.  Ultimately  his  eyes  became  stronger,  and  he  entered 
the  School  of  Mines,  completing  the  course  for  the  degree  of  Engineer 
of  Mines  in  1869,  with  the  third  class  graduated.  The  class  of  eleven 
contained  other  future  geologists.  It  numbered  on  its  roll  Henry  New- 
ton and  Walter  P.  Jenney  of  the  early  survey  of  the  Black  Hills,  where 
John,  future  son  of  Roland,  was  in  the  course  of  years  to  make  his  doctor's 
dissertation,  and  with  its  publication  his  really  serious  entrance  into 
the  profession. 

Roland  Irving  was  a  favorite  student  of  Professor  J.  S.  Newberry, 
affectionately  known  to  all  of  his  students  as  "Uncle  John,"  and  after 
some  experience  in  mining  and  smelting  in  Pennsylvania  and  New  Jer- 
sey, joined. the  Ohio  Survey  under  Dr.  Newberry.  The  work  in  Ohio 
was  largely  performed  during  the  vacations  of  the  University  of  Wiscon- 
sin, to  whose  chair  Roland  Irving  was  called  in  1870.  Later,  his  residence 
in  Wisconsin  led  to  two  events  of  prime  importance  in  the  history  of 
American  geology.  He  began  the  study  of  the  Gogebic  iron  range  and 
caught  the  clue  to  the  origin  and  stratigraphy  of  the  iron  ores  of  all  the 
Lake  Superior  ranges;  and  he  later  undertook  the  mapping  and  descrip- 
tion of  the  copper-bearing  rocks  of  the  Lake  Superior  basin.  The  forma- 
tive years  of  the  son,  John,  were  passed  in  a  home  where  the  father, 
Roland,  was  preparing  the  now  famous  monographs  on  these  two  sub- 
jects. Not  alone  did  John's  father  work  upon  their  preparation,  but  the 
skilful  hand  and  fine  sense  of  color  of  his  mother  were  placing  on  paper 
the  beautiful  illustrations  of  the  microscopic  mineralogy  of  the  copper- 
bearing  rocks,  and  all  in  the  very  early  days  of  microscopic  rock  study  ia 
America. 

In  John's  fourteenth  year,  illness,  preying  on  a  constitution  never 
over-strong,  deprived  him  of  his  father,  and  left  him  the  almost  sacred 
duty  of  foUowii^  in  the  footsteps  and  continuing  the  work  of  one  inter- 
rupted at  thirty-nine  in  mid-career.  Mrs.  Irving  removed  to  the  East 
among  her  kinsfolk  and  John  was  prepared  for  Columbia  College  to  rep- 
resent the  fourth  generation  of  his  name  upon  the  alumni  rolls.  His 
boyhood  period  passed  and  his  college  and  university  life  began. 

He  entered  in  1892  and  took  the  prescribed  courses  of  the  time. 
The  vacation  of  1895,  following  his  junior  year,  was  passed  with  one  of 
Professor  Osborn's  parties  in  searching  for  Tertiary  vertebrates  in  the 
Browns  Park  beds  of  northeastern  Utah.  On  the  observations  there 
obtained  was  based  the  first  contribution  of  John  Irving  to  geological 
literature.  Following  his  senior  year,  he  went  with  the  writer  to  the  Adi- 
rondacks  and  had  a  month  or  two  of  experience  with  old-time  crystalline 
rocks  in  the  mountains  around  Elizabethtown.  In  the  vacation  after 
his  first  year  of  graduate  study  a  place  was  found  for  him  in  the  field-party 
of  Dr.  Whitman  Cross  in  the  steep  and  rugged  mountains  of  the  San 
Juan  region  of  southwestern  Colorado. 

About  this  time  the  writer  made  a  visit  to  the  northern  Black  Hills 
of  South  Dakota  and  became  impressed  with  the  extremely  interesting 
problems  presented  by  the  local  geology,  which,  as  earlier  stated,  had  been 
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covered  by  the  pioneer  work  of  Roland  Irving's  old  classmatee,  Henry 
I^ewton  and  Walter  P.  Jenney.  A  large-scale  map  bad  been  prepared 
by  Professor  Frank  C.  Smith  and  Dr.  MacGillicuddy  of  the  Dakota 
School  of  Mines,  of  Rapid  City,  and  by  the  generous  cooperation  of  these 
two  friends,  John  Irving  was  suitably  started  upon  his  four  months 
of  field-work  for  his  doctor's  dissertation.  With  the  completion  and 
publication  of  his  results  and  the  taking  of  bis  doctor's  d^ree,  the  second 
period  of  his  life  merged  into  the  third — that  of  active  work  in  the  outside 
world. 

Combined  with  a  most  creditable  passing  of  the  civil  service  examina- 
tions, his  work  in  the  Black  Kills  brought  to  its  author  an  appointment 
in  the  rank?  of  the  U.  3.  Geological  Survey,  and  assignment  to  the  party 
then  undertaking  the  investigation  of  the  mineral  resources  of  this  area. 
The  study  of  the  mines  placed  young  Dr.  Irving  in  close  association 
with  the  most  respected  of  American  mining  geologists,  that  fine,  true. 
Nature's  nobleman,  Samuel  Franklin  Emmons,  and  in  the  end,  made  of 
John  Irving,  Dr.  Emmons'  closest  helper.  Years  afterward,  when  Dr. 
Emmons  passed  away,  leaving  in  fragmentary  and  uncompleted  state 
the  great  new  monograph  on  Leadville,  it  was  John  Irving  who  finished 
the  manuscript  and  forwarded  it  to  the  Survey,  ready  for  the  printer. 

Following  the  field  experience  in  the  Black  Hills,  John  Irving  was 
busied  in  association  with  F.  L.  Ransome  in  the  Globe  district  of  Arizona; 
with  J.  M.  Boutwell  in  the  Park  City  district  of  Utah;  with  W.  H.  Em- 
mons in  the  Needle  Mte.  quadrangle  of  Colorado;  and  with  Howland 
Bancroft  at  Lake  City  in  the  same  state.  He  also  did  mapping  of  coal- 
bearing  quadran^es  in  Indiana  under  M.  L.  Fuller,  and  in  Pennsylvania, 
under  M.  R.  Campbell.  Most  important  of  all,  be  became  in  time  the 
right-hand  man  of  Dr.  Enmioos  in  the  revision  of  the  Leadville  mono- 
graph. While  on  the  Survey  and  spending  the  winters  in  Washington, 
Johii  Irving  entered  heartily  into  the  life  of  the  younger  men,  and  was 
active  in  the  so-called  Association  of  Aspiring  A^istants  of  the  Survey; 
whose  initials  were  a  sort  of  caricature  of  the  American  Association  for  - 
the  Advancement  of  Science. 

But  the  desire  to  teach,  partly  inherited,  partly  acquired,  was  very 
strong,  too  stroi^  to  be  longer  suppressed;  and  with  its  gratification  in 
1903  John  Duer  Irving  took  up  after  ripe  preparation,  the  teacher's 
part  of  his  career.  The  opportunity  came  to  the  writer  to  suggest  to  an 
old  friend,  I^fessor  Wilbur  C.  Knight,  of  the  University  of  Wyomii^, 
one  who  might  substitute  for  him  during  a  year's  leave  of  absence. 
The  offer  proved  agreeable  to  Dr.  Irving,  and  he  undertook  the  work, 
retaining  his  connection  with  the  Survey  for  the  free  time  of  the  vaca- 
tions. Some  of  the  Survey  work  outlined  above,  was  indeed  done 
after  he  had  begun  to  teach.  In  1904  he  was  called  to  be  assistant  pro* 
fessor  of  geology  at  Lehigh  University,  and  was  promoted  to  the  full 
chair  in  1006.  In  1907  he  was  called  to  be  professor  of  economic  geology 
at  the  Sheffield  Scientific  School  of  Yale,  where  he  shared  in  developing 
the  mining  course  made  possible  by  the  gift  of  the  Hammond  Laboratory. 
This  professorship  Dr.  Irving  held  at  the  time  of  his  death. 

In  1905,  while  John  Irving  was  at  work  at  Lehigh  University,  the  plan 
was  developed  of  establishing  a  magazine  which  might  be  the  special 
means  of  expression  and  record  for  the  vigorous  young  school  of  American ' 
students  of  ore  dept»it8  and  applied  geology,  which  had  then  become  a 
marked  feature  of  our  scientific  life.    We  gathered  a  little  band  of  pioneers, 
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wUlit^  to  risk  a  part  of  their  not  over-abundant  worldly  possessions  in 
the  venture  with  no  thought  of  return.  John  Irving  was  our  choice  for 
managing  editor.  To  his  untiring  efforts,  ably  aided  by  the  unselfish 
work  of  W.  S.  Bayley,  as  business  manager,  we  chiefly  owe  the  thirteen 
volumes  of  this  most  valuable  and  interesting  journal,  Economic 
Geology.  As  we  turn  its  pages  we  see  the  subjects  which  appealed 
from  time  to  time  to  its  editor.  His  work  in  the  mining  districts 
emphasized  the  importance  of  ore  shoots  and  localizations  of  values  in 
veins,  and  he  seeks  to  classify  and  systematize  their  causes.  He  is  again 
impressed  with  the  importance  of  a  comprehensive  study  of  special  prob- 
lems, wherever  one  particular  case  of  them  may  be  illustrated,  as  con- 
trasted with  the  generally  localized  investigations  carried  on  by  one  in- 
dividual. The  committee  which  has  been  studying  for  several  years  the 
problem  of  secondary  enrichment  under  L.  C.  Graton,  carries  out  exactly 
this  idea.  John  Irving's  extended  Leadville  experience,  in  the  mines 
where  S.  F.  Emmons  first  formulated  the  ideas  of  replacement  of  rock 
by  ore,  leads  him  to  seek  to  establish  criteria  whereby  replacement  bodies 
may  be  identified.  Thus  as  we  turn  the  pages  of  the  magazine  we  see 
how,  year  by  year,  an  active  and  thoughtful  mind  was  philosophically 
pondering,  now  this,  now  that  important  phase  of  his  special  branch  of 
science. 

And  then,  while  in  the  full  exercise  of  his  many  useful  activities,  rose 
above  the  horizon  the  dark  cloud  of  the  Robber  Barons'  war.  He,  as 
all  of  us,  awpke  to  the  growing  conviction  that  the  world  in  which  we  lived 
was  not  what  we  had  thought  it;  that  our  ideals  of  government,  our  rules 
of  openness,  loyalty  and  truth  in  the  relations  of  life,  the  very  conditions 
of  our  existence  were  in  danger  and  would  need  the  supreme  effort  to 
defend  them.  In  the  spring  and  early  summer  of  1916,  the  writer  knoira 
from  intimate  talks  that  John  Irving  felt  the  danger  menacing  our  country 
and  others  like  it,  from  the  growing  threat  of  the  worst  features  of  medi- 
ffivalism.  Being  unmarried,  he  believed  that  even  though  he  was  past 
forty  years  of  age,  it  was  his  duty  to  go  to  Plattsburg  and  enter  the  officers' 
training  camp.  He  took  up  the  routine  earnestly  and  seriously  and  wrote 
with  great  pride  of  his  promotion  to  be  a  non-commissioned  officer. 
When  the  camp  closed  he  entered  his  name  as  one  available  for  service, 
if  conditions  should  call  for  him.  In  the  spring  of  1917  these  conditions 
materialized.  He  took  his  officer's  examinations,  was  appointed  captain 
in  the  11th  Regiment  of  Engineers,  and  was  granted  leave  of  absence  by 
the  authorities  of  Yale.  At  first  he  expected  to  serve  as  topographic 
engineer,  or  as  an  interpreter  of  air-plane  maps.  He  jestingly  referred 
to  himself  as  "skyographer."  Actually  he  became  recruiting  officer 
for  his  regiment,  in  whose  ranks  are  so  many  of  the  Institute's  members. 
With  them  he  sailed  for  France  in  July,  1917.  Of  his  special  field  of  work 
we  know  only  what  the  censorship  has  permitted  us  to  learn  from  his 
letters.  He  was  early  engaged  in  railway  construction  and  worked 
just  as  long  hours  as  anyone  could  in  building  the  arteries  of  supply  and 
nourishment  of  the  Army.  His  duties  last  Fall  we  know  brought  him 
under  shell-fire  and  he  learned  to  keep  his  nerve  amid  these  trying  con- 
ditions. Like  so  many  of  our  boys  he  writes  jestingly  of  them,  taking 
the  dangers  in  the  light-hearted  way  of  our  countrymen,  as  being  all 
in  the  day's  work. 

Later,  as  tunneling  and  the  exploding  of  mines  beneath  the  enemy's 
works,  and  all  sorts  of  excavation  became  so  important,  he  was  dettUled 
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to  the  engineers'  school  at  headquarters  and  was  busy  with  a  seeminf^ly 
eacUess  procession  of  classes  to  be  instructed  in  the  rudiments  of  mining 
engineering.  His  letters  show  that  the  calls  were  hard,  exacting  and  ex- 
hatisting.  He  speaks  of  never  having  worked  so  hard  in  all  his  life. 
Probably  his  vitality  ran  low  and  his  powers  of  resistance  and  recupera- 
tion were  exhausted.  We  only  know  that  he  returned  to  the  front,  be- 
came a  victim  of  the  so-called  Spanish  grippe,  which,  despite  every  effort 
on  the  part  of  the  medical  staff,  developed  into  pneumonia,  and  that  one 
more  name  was  added  to  the  Roll  of  Honor. 

As  we  look  back  over  this  brief  sketch  of  a  busy  and  useful  life,  we  see 
that  it  was  filled  to  the  very  limit.  Those  of  us  who  knew  John  Irving 
well  know  that  the  duties  and  calls  were  met  faithfully  and  with  a  high 
sense  of  responsibihty.  Many  of  them  were  essentially  unselfish.  The 
magazine  Economic  Geology  was  a  labor  of  love.  The  time  of  Professor 
Irving  was  never  so  valuable  but  that  a  student  could  command  advice 
and  guidance.  The  full  strength  and  more  of  Captain  Irving  were 
given  to  his  country.  And  yet  we  know  that  the  calls  often  bore  heavily 
on  a  physique  none  too  robust.  Although  tall  and  broad-shouldered  of 
stature,  our  friend  had  some  delicacy  of  constitution  which  asserted  itself 
at  times  of  special  stress  and  which  gave  warning  that  certain  limits 
must  not  be  passed. 

Although  I  have  written  of  his  scientific  work,  I  have  not  mentioned 
that  many  talks  while  we  have  been  off  on  trips  t<^ther  revealed  to  me 
ambitions  in  literary  expression  and  composition  which  were  in  keeping 
with  the  high  traditions  of  his  family,  bound  up,  as  they  are,  with  one 
of  the  very  first  of  our  really  great  men  of  letters.  Insistent  calls  pre- 
vented John  Irving  from  realizing  all  that  was  in  his  miad;  but  the  am- 
bition certainly  gave  lucidity  and  clearness  to  his  scientific  writings. 

It  is,  however,  as  friend  that  we  like  best  to  recall  him,  and  in  these 
respects  we  know  well,  that  while  his  work  lives  after  him,  the  fine  sweet 
inspiration  of  his  Ufc  will  endure  still  longer.  We  live  in  the  most  try- 
ing times  with  which  we  have  all  been  confronted  for  nearly  three  genera- 
tions. Faith  is  called  for,  as  almost  never  before.  We  must  have  the 
grim  and  unshaken  holding  on  to  calm  belief  in  the  triumph  of  right  and 
in  the  subordination  of  cruelty  and  unbridled  selfishness  to  the  control 
of  law  and  justice.  A  decent  consideration  for  the  rights  of  others 
and  observance  of  these  must  not  perish  from  the  earth,  nor  must  the 
rule  of  abominable  materialism  be  permitted  to  exercise  its  sway  over 
victims  unable  to  protect  themselves.  For  these  high  causes  John  Duer 
Irving  gave  his  all.  Useful  and  inspiring  as  he  was  in  life,  he  rises  to  yet 
greater  heights  in  his  supreme  sacrifice,  and  to  us  who  yet  remain  he  is 
a  sermon  whose  moving  appeal  causes  to  sound  aloud  the  deepest  chords 
of  our  nature. 

Jahbs  F.  Kemp. 
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Geological  Survey  (1905),  «0,  78-84. 
1905. — Ore  Deposits  of  the  Ouray  District,  Colorado.    BvUtlin  160,  U.  S.  Geolog' 

ical  Survey  (1905),  50-77. 
University  Training  of  Engineers  in  Economic  Geoli^y.     Economic  Otology 

(1905),  1,  77-82. 
1906.— Review  of  "  The  Geological  Map  of  Illinois,"  by  Stuart  Weller  (Dl.  State  Geol. 

Survey,  £uti.  No.  1).     Economic  Oeology  (1906),  8, 816-818. 
1907. — John  Duek  Irving,  Whitman  Csoas  and  Ebnest  Howe.    Description  of 
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(1907),  163,  20  pp. 
John  Dueb  InviNa  and  S.  F.  EmtoNS.    The  Downtown  District  of  Leadville, 

Colorado.     BiUleUn  3«,  U.  S.  Geological  Survey  (1907),  75  pp. 
1908. — The  Localiiation  of  Values  or  Occurrence  of  Shoots  m  Metalliterous  Depomts. 

Economic  Oeohgy  (1908),  8,  143-154. 
1910. — Special  Problems  and  Their  Study  in  £k:onomic  Geology.     Economic  Geoloay 

(1910),  6,  670-677. 
1911. — John  Dueb  Ibvino  and  Howlano  Bancroft;  Geology  and  ft«  Deposits 

Economic 
Geology  (1911),  6,  527-561,  619-669. 
John  Dueb  Ibvino  and  Waldeuar  Lindohen.    The  Origin  of  the  Rammels- 
beig  Ore  Deposit.     Eeonomie  Geology  (1011)  ,6,  303-313. 
1912. — Diecumon  on  a  Concise  Method  of  Showing  Ore  Reserves.     Trans.  (1912), 
48,  714. 
Geological  Kagnoas  (Editorial).     Economic  Geology  (1912),  7,  83-86. 
Some  Features  of  Replacement  Ore  Bodies  and  the  Criteria  by  Which  They 
May   be  BecogniEed.    Journal,  Canadian   Mining  Institute   (1912),    14, 
395-471. 
(Geological    Field     Methods.     Editorial.)     Economic    Geology    (1913),    S, 

64-65. 
John  Dtjeb  Ibvino,  H.  D.  Smith  and  H.  G.  Febqdbon.    A  Selected  list  of 
the  More  Importuit  Contributions  to  the  Investigation  of  the  Origin  of 
Metalliferous  Ore  Deposits.     In  S.  F.  Euuons'  Volume  on  Ore  Deposita. 
A.  I.  M.  E.  (1913),  837-846. 
1913. — The  Substructure  of  Geological  Reports.     Economic  Geology  (1913),  B,  66-96. 
1915.— Discussion  on  Recrystallization  of  Limestone  at  Igneous  Contacts.     Trans. 
(,1915),  46,  214. 
Discussion  on  To  What  Extent  is  Chalcocitc  a  Primary,  and  to  What  Extent 
a  Secondary  Mineral  in  Ore  Deposits.     Trans.  A.  I.  M.  E.  (1015),  4S,  194. 
1916. — DisoussiononthelronDepositBof  Daiquiri,  Cuba.    Trans.  A.  I.  M.  E.  (1916), 
63,65. 

Discussian  on  the  Iron  Ore  Deposits  of  the  Firmeta  District,  Cuba.     Trans. 
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1918. — Chapter  on  "Geological  Data  for  Prospecting  and  Exploration,"  in  Mining 
Ennineers'  Handbook  (Peele),  392-408. 
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ANGUS  R.  HACKAT 

Angus  R.  Mackay,  manner  of  the  Vulture  mioe,  Yavapai  County, 
Ariz.,  died  suddenly  at  Oakland,  Cal.,  June  29,  ISIS.  He  was  the  eldest 
son  of  the  Iste  Senator  Robert  Mackay,  of  Montreal.  He  graduated 
from  the  Massachusetts  Institute  of  Technology  in  1893,  taking  the  course 
in  mining  engineering,  and  then  spent  some  time  studying  in  Germany. 
Returniog  from  Europe,  he  became  manager  of  the  Horseshoe  mine 
at  Deadwood,  S.  D,,  and  it  was  through  his  efforts  that  the  property 
became  a  profitable  one.  Later  he  became  engaged  in  engineering  work 
at  Niagara  Falls,  and  in  1908  came  to  Arizona,  where  he  was  instrumental 
in  reviving  the  old  Vulture  mine.  He  was  manager  of  the  property 
fropi  1908  to  the  time  of  his  death. 

Mr.  Mackay  became  a  member  of  the  Institute  in  1896,  and  was  also 
a  member  of  the  American  Society  of  Civil  Engineers.  His  interests  and 
activities  were  large  and  varied,  and  he  was  especially  interested  in  de- 
veloping the  resources  of  Arizona.  He  had  a  large  number  of  friends, 
who  were  shocked  and  saddened  to  learn  of  his  death. 

F.  W.  LmBBT. 


THOMAS  HcNAIR  RIGHTER 

Thomas  M.  Rlghter  died  at  Mt.  Carmel,  Pa.,  from  paralytic 
stroke,  on  July  12,  1918.     He  became  a  member  of  the  Institute  in  1899. 

Mr.  Righter  was  bom  in  Berwick,  Columbia  county,  Fa.,  Jan. 
12,  1847,  the  son  of  Doctor  William  W.  and  Jane  (McNair)  Righter. 
When  he  was  a  child  the  family  moved  to  Maucb  Chunk,  and  Thomas 
was  educated  in  the  public  schools  of  that  place.  At  the  age  of  fifteen 
he  left  school  and  endeavored  to  enlist  in  the  Federal  Army,  but  was  re- 
jected because  he  was  too  young.  However,  he  was  given  a  position  as 
railway  mail  clerk,  taking  the  place  of  a  man  who  entered  the  military 
service. 

The  late  Judge  John  Leisenring,  pioneer  railroad  builder,  was  at- 
tracted by  the  industry  and  the  intelligence  of  the  young  man,  and 
offered  him  a  place  on  the  engineer  corps  engaged  in  laying  out  the  Jersey 
Central  hues  from  Mauch  Chunk  to  Wilkes-Barre.  Later  he  became  a  min- 
ing engineer  at  Upper  Lehigh.  His  great  skill  iu  mining  matters  soon 
become  evident,  and  he  was  made  superintendent  of  the  Sandy  Run 
Coal  Co.,  operated  by  M.  S.  Kemerer  &  Co.  In  1881  Mr.  Righter  and  E. 
B.  Leisenring  purchased  the  interest  of  J.  C.  Hayden  in  the  Montelius- 
Hayden  colliery  at  Mount  Carmel.  Two  years  later  Alfred  Montelius 
died,  when  Mr.  Righter  and  Mr.  Leisenring  became  the  owners  of  the  old 
Montehua  colliery,  operating  it  under  the  name  of  Thomas  M.  Righter 
&  Co.  until  it  passed  into  the  hands  of  the  Lehigh  Valley  Coal  Company. 

Mr.  Righter  was  one  of  the  incorporators  of  the  Mount  Carmel  Water 
Co.  and  was  its  President  at  the  time  of  his  death.  He  helped  to  found 
the  Edison  Electric  Illuminating  Co.,  and  remained  as  one  of  its  directors 
until  recently,  when  the  corporation  passed  from  local  control.  Leading 
in  the  movement  to  organize  the  Union  National  Bank,  he  was  made 
President  of  its  Board  of  Directors,  an  office  he  held  until  his  demise. 
He  was  a  director  of  the  Shamokin-Mount  Carmel  Transit  Co.  Associ- 
ated with  G.  M.  Smith,  he  helped  to  build  the  trolley  road,  and  laid  out 
the  line  extending  from  CentraJia  to  Ashland. 
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Mr.  Righter's  activities  extended  all  over  Pennsylvania  and  into 
West  Vii^nia.  He  was  President  and  General  Manager  of  the  Oak 
Hill  Coal  Co.,  Duncott,  Schuylkill  county.  He  served  on  the  di- 
rectorate of  the  Midvalley  Coal  Co.,  operators  of  the  collieries  at 
Wilburton;  and  of  the  Mt,  Jessup  Coal  Co.,  Scrauton.  Anthracite  coal 
mining  was  given  his  closest  attention  and  he  was  a  recognized  authority 
in  that  industry,  but  he  invested  heavily  in  bituminous  mines,  and  was 
the  President  of  the  Jewel  Bidge  Coal  Co.  of  Tazewell,  West  Viipnia, 
and  was  the  President  of  the  Pocahontas  Coal  Corporation,  owning  2i2,000 
acres  of  valuable  coal  lands  in  West  Vii^inia.  He  was  also  a  director  of 
the  E.  E.  White  Coal  Co.,  of  Glen  White,  West  Virginia. 

He  served  as  director  of  the  Whitehall  Cement  Manufacturing  Co. 
of  Cementon,  Pa.,  and  of  the  Clear  Springs  Water  Co.  of  Catasauqna. 

Devoted  though  he  was  to  the  many  enterprises  which  he  helped  to 
form  and  guide,  Mr.  Righter  was  not  too  busy  to  take  a  leading  part 
in  church  work,  and  he  was  a  true  Chr&tian  gentleman  whose  life  was  an 
inspiration  to  all  who  knew  him. 

For  nine  years  he  served  the  community  as  a  member  of  the  Board  of 
Education,  being  President  of  the  Board  for  eight  of  these  years. 

The  State  Hospital  for  Injured  Persons  at  Fountain  Springs  took 
much  of  his  valuable  time,  but  it  was  given  cheerfully  and  wholeheartedly. 
Appointed  in  1889  by  Governor  Beaver  as  one  of  the  first  Trustees  of 
that  splendid  institution,  he  was  President  of  the  Board  at  the  time  of 
his  death. 
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OEOROE  D.  BARRON 
EDWIN  LUDLOW 


STANDING  COMMITTEES 

ExemiiBe 

SIDNEY  J.  JBNNINOS.  Chairine 

Membership 

KARL  EILER8,  Ci^irnoR 


CHARLES  F.  RAND 


Firumee 

GEORGE  D,  BARRON,  Chairmc 

Library 

E.  GYBBON  8PILSBDRY,'  Chairm 


BENJAMIN  B.  THAYER 


Papers  and  Publications 

BRADLEY  STOUQHTON,  Olnirmi 


PERCY  E.  BARBOUR 
WILLIAM  A.  COWAN 
H.  C.  PARMELEE 
THOMAS  T.  READ 

J.  L.  W.  BIRKINBINE 
WILLI  A  M  H.  BLAU  VELT 
H.  A.  BRASBERT 
WILLIAM  CAMPBELL 
R.  M,  CATLIN 
ALLAN  J.  CLARK 
FREDERICK  Q.  COTTRELL 
KARL  EILERS 
NATHANIEL  H.  EMMONS 
JOHN  W.  FINCH 
CHARLES  H.  FULTON 
F.LYN  WOOD  GARRISON 
ROBERT  C.  GEMMELL 
H.  W.  GHXETT 
CHARLES  W.  GOODALE 
BARRY  A.  or  ESS 
R.  DAWSON  HALL 


WALTER  E.  HOPPER 


J.E.JOHNSON  ,J_. 
WILLIAM  KELLY 


ANTHONY  F.  I 


PAUL  D.  MERICA 


EDWARD  W.  PARKER 
Nominationa 


JOSEPH  W.  RICHARDS 
GEORGE  C.  STONE 
SAMUEL  A.  TAYLOR 

NATHANIEL  K.  B.  PATCH 
R.  M.  RAYMOND 
ROB8ITER  W.  RAYMOND 
ROBERT  H.  RICHARDS 
L.  D.  RICKETTB 
HEINRICH  RIES 
RENO  H.  SALES 
ALBERT  8AUVEUR 
HENRY  L.  SMYTH 
A.  A.  STEVENSON 
RALPH  H.  SWEETSER 
GEORGE  D.  VAN  ARSDALE 
ARTHUR  L.  WALKER 
ROLL  A  B.  WATSON 
HORACE  V.  WINCHELL 
FREDERICK  W.  WOOD 
DWIGHT  E.  WOODBRIDOE 


WALTER  H.  ALDRIDGE 
WALTER  DOUGLAS 
D.  W.  BRUNTON 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 
New  Yorh 

Meets  fint  Wedneadsy  alter  fltst  TuesiUv  o(  uwh  month. 
ALLENH.  ROGERS,  CAairinan__^^_^_^_^_^^_^^^^^^    ^_        _   H.  C.  PARMELEE,  FtcrekiAwcin 
w  York,  N.  Y. 


J.  E.  JOHNSON,  Jb. 


FOREST  RUTHEftFORD.  V 

i.  DICKSON,  SKT^ry.  71  Browlii 

F.  T.  RUBIDGE 


ALFRED  C.  LANE,  CtaiF 

E.  E.  F"-' 

R.  L.  AGABBIZ 

Koldil 

8.  8-  FOWLER.  Cfcri 

LYNDON  K. 


ARMSTRONG,  SuTOam-Trt 


I  IlDtil  Peb„  IBI9. 


P.  G.  SPILSBURY 


O.  A.  PACKARD,  Via-ehaiman 

hnoloKy,  Cambridge.  Maaa. 

FRED  W.  DENTON 


t  meetiDg  in  September  or  October. 

J.  C.  HAAS,  Via-diairman 
ifftT.  720  Peyton  Bida.,  Spokane,  Waah, 

J.  F.  McCarthy 

•  Until  Feb.,  1821.  t  Until  Feb.,  1923. 
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Fuget  Sound 

MseUHound  Sstunliiy  o[  Hch  month. 

HENRY  LANDES.  CJMrnun  OEOROE  E.  ROCKEFELLER.  ViiatkairMiu, 

PERCY  E.  WRIQHT.  SttTtoTv-Triaturer,  3012  L.  C.  Boiiib  Bldi,.  Seattle,  W«ah. 
SIMON  H.  ASH  CHARLES  BIMENSTAP 

Southern  California 

RALPH  ARNOLD.  ChairMii  WILLIAM  F.  STALINTON,  V 

■ ~       -.     ~  -     .    -id,.,i^j 

LE3LI] 

JAMES  W.  NEILL 

FRED  CARROLL,  Btcntara-TrtawtiTn;  8t*tg  Capital.  DeOTer,  Colo'. 
W.  W.  CASE  H.  E. 

Montana 

N.  B.  BRALY,  CAoirman  B.  H.   DUNSHEB,    Vic^dkovMU 

E.  B.  YOUNG,  SerrHarv-TrtatMTer,  G3fl  Hcnnny  Building.  BuIIc.  Mont. 
F.  W.  BACORN  -^  C.  D.  DEMOND 

San  Francuco 

MeMa  aecond  Tutodar  o[  each  montb. 


Colorado 
[.  MicNEILL.  CJ^iraun  GEORGE  M.  TAYLOR,  Vitt-tkairm 


T.  A.  RICKARD  C.  F.  TOLMAN,  JR 

Pennsylvania  Anthracite 

R.  V.  NORRIS,  CSairman 
CHARLES  F.  HUBER.  Vire-diairman  EDWIN  LDDLOW.  Vit-duirmaM 

W.  J.  RICHARDS.  Via-diairmtu,  ARTHUR  H.  STORRS,  Vi«-c*oir.w« 

PAUL  STERLING,  atrttarvTrranirtr,  Lehifli  Tallcy  Coal  Co.,  Wilkn-Barre,  Pa. 
DOUGLAS  BUNTING  W.  W,  tNOLIS  HENRY  W.  MONTZ 

JOHN  M.  HUMPHREY  EDWARD  E.  KAERCHER  ROBERT  A.  QUIN 

St.  Loui* 

J.  N.  HOUSER,  V_, 
'  WjiS.TERe'  iacC0URT7sicrrfar»-rrea«uw,  Waahiniton  Univ.,  St.  Louial  Mo.        "™"' 
H.  A.  BUEHLER  O.  H.  COX  L.  C.  GLENN 

E.  A.  HOLBROOK  W.  E.  NEWNAM 

Chicago 
CHARLES  H.  MacDowel,!.,  Chairman  LUTHER  V,  RICE,  Virt-diairmati 

RENRY  W.  NICHOLS,  SecT<*ar^Tr«»w^.  Fidd  MuKum  ot  Natural  Hiatory,  Chicaco.  lU. 
ALEXANDER  K.  HAMILTON  G,  P.  HUL8T 

HENRY  P.  HOWLAND  FREDERICK  T,  BNYDER 

Utah 
WILLIAM  WRAITH,  C»o(rmon  CECIL  FITCH.  ViH-thairma,i 

F.  G.  MOSES  StcTttaryTrKuiirrr,  Univrnily  of  L't>h.  Salt  Lake  Cily.  ITuh. 
ERNEST  OAYFORD  E.  R.  ZALINSKI 

P.  G.  BECKETT.  Chairman 
NORMAN  CARMICHAEL.  IM  Virt-ehairman  J,  C.  GREENWAY.  M  Virfcttairman 

H .  L.  NORTON,  SiertiarvTrranirrr.  Globr.  Aril. 
L.  8.  CATEB  F.  W.  MACLENNAM 

L,  O.  HOWARD  R.  E.  TALLY 

WeBfuiit 

J.  C.  JONES,  Tieethairmmn 

.  . no  National  Bank  Bid.  ,  R»do,  Nev. 

FREDERICK  BRADSHAW  C,  B.  LAKBNAN 

EMMET  D.  BOYLE  J.  W.  HUTCHINSON  WHITMAN  BVMMES 

JOHNG.  KIRCHEN 

Mexico 

(Inatiluto  Mexicano  de  Minua  y  Mctalurcia) 

VICTOR  M.  BRASCHI.  Cliairman,  Committee  on  Organlialion 

Tuisa 

ALF.  G.  HEGGEM,  Chairman  ALEXANDER  DEUSSEN,  rtn-etatnun 

CHARLES  H.  TAYLOR,  I  iw-dloinMn 
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thftt  Honorary  Member^  Junior  ABBod&tes,  and  Members  and  Associates  whose 
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EsTBon  at  the  meetings  of  the  Institute,  or,  as  hereinafter  provided  for,  by  letter 
iOlot. 

i^Ec.  2.  MEMBERS  shall  comprise  all  those  persona  who  on  the  third  Monday 
of  February,  191&,  were  members  of  the  Institute,  and  in  addition  thereto,  all  those 
thereafter  electedor  transferred  int«  the  class  of  Members. 

MEMBERS  must  be  at  least  27  years  of  ape  and  must  have  had  at  least  six  jtmn' 
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in  the  previous  sentence. 

Employment  as  a  teat:her  of  engineering,  mining,  geology,  metallurgy  or  chemistry, 
if  in  direct  charc^  may  be  considered  a  position  of  responsibility  as  specified  in  the 
second  paragrapn. 

Persons  employed  in  research  or  any  scientific  literary  work  or  in  teaching  in  the 
scientific  departments  of  colleges,  approved  by  the  Committee  on  Membership,  who 
at  the  same  time  are  engaged  in  consulting  or  in  the  active  practice  of  mining,  geology, 
or  metallurgy,  shall  be  entitled  to  consider  the  time  so  spent  in  active  praotiee  as 
equivalent  to  an  equal  length  of  time  of  employment  in  positions  of  responsibility, 
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waived  by  the  Committee  on  Membership  m  the  case  of  persons  who  have  done  notable 
original  work  in  mining,  geology,  or  metallunpr,  or  have  won  distinction  by  research  or 
investigations  in  one  or  more  of  these  subjects.  By  investigation  or  research  is 
understood  laboratory  experimentation  as  distinct  from  investigations  in  literature 
or  compilations  of  the  work  of  others. 

ASSOCIATES  shall  be  those,  who,  in  the  opinion  of  the  Committeeon  Membership 
and  the  Board  of  Directors,  are  suitable  for  such  election  or  transfer  by  reason  of  their 
interest  in  or  connection  with  mining,  geology,  metallurgy,  or  chemistry. 

JUNIOR  ASSOCIATES  shall  comprise  all  students  in  good  standing  in  engineer- 
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upon  by  the  Committee  on  Membership.  If  elected  he  shall  pay  at  that  time  the 
entrance  fee  and  dues  of  a  Member  or  Associate. 
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proposed  for  election  by  at  least  three  Members  or  Associates,  must  be  approved  by 
the  Committee  on  Membership,  as  prescribed  in  the  By-Laws,  and  must  oe  elected 
by  the  Board  of  Directors.  /^  ~  i 


Biographical  Notice  of  James  Douglas 

ST  ROaSITBR  .W.   RATUOND 

It  is  scarcely  necessary  to  augment  or  amend  the  "Appreciation" 

I  Dr.  Douglas,  from  the  pen  of  Dr.  Albert  A.  Ledoux,  which  appeared 

I  January,  1916,  in  Bulletin  No.  109  of  the  Institute.    The  author  of 

lat  admirable  summary  enjoyed  the  great  privilege  of  expressing  while 

,  Douglas  was  yet  among  ua  (though  already  marked  for  death) 

e  love  and  esteem  with  which  we  all  regarded  him.    But  now  that  hia 

rthly  life  has  ended,  the  historian  must  still  be  the  eulogist.    No  line 

be    added  or  deleted  in  the  portrait  of  him  already  drawn; 

It  has  only  to  be  accepted  now  as  a  true  likeness,  and  hiiog  in  the  gallery 

£  the  immortals,  illuminated  by  the  crowning  glory  of  another  world. 

James  Douglas  was  born  at  Quebec,  Canada,  November  4,  1837. 

His  father,  James  Douglas,  was  a  distinguished  physician  and  surgeon, 

I  known  in  many  lands,  especially  in  the  Orient,  and  famous  in  his  own 

I  country  for  his  philanthropy  as  well  as  his  skill,  having  established  and 

I  directed  for  many  years  the  first  retreat  for  the  insane  in  the  Dominion 

I  of  Canada. 

One  of  the  latest  literary  labors  of  the  son  was  the  editing  and  publish- 
I  ing  of  his  father's  journal  and  reminiscences— a  fascinating  volume, 
the  review  of  which,  though  a  tempting  task,  I  must  here  forego.  Nearly 
fifty  years  ago,  I  had  the  great  pleasure  of  spending  an  hour  with  the  elder 
Douglas,  who  guided  me  through  his  collection  of  Egyptian  and  Asiatic 
treasures.  I  might  almost  say  souvenirs;  so  many  of  them  were  con- 
nected with  personal  experiences  and  exalted  personages.  The  veteran's 
memory  had  already  begun  to  fail  with  age,  but  his  vivacity  and  imagi- 
nation glowed  all  the  more  brightly;  and  his  reminiscences  of  travel 
and  adventure  were  embroidered  with  Oriental  magnificence.  I  felt, 
after  that  hour,  as  if  I  had  visited  a  stately,  half-ruined  edifice,  ovei^own 
with  vines  and  flowers. 

The  father's  genius,  adventurous  spirit  and  generous  philanthropy 
descended  to  hia  versatile,  yet  practical  son.  Like  other  men  of  such  tem- 
perament, James  Douglas  tried  many  things  before  circumstances  beyond 
his  own  control  forced  him  into  the  line  of  his  principal  lifework.  At  the 
age  of  18,  he  was  sent  to  the  University  of  Edinburgh,  where  he  studied 
for  two  years.  Returning  to  Canada,  he  entered  Queen's  University, 
at  Kingston,  Ontario,  where  he  was  graduated  as  Bachelor  of  Arts  in 
1858.    Subsequently  he  studied  medicine  at  Laval  University,  Quebec; 
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and  it  was  doubtless  during  this  period  that  he  assisted  his  father  in  the 
management  of  the  Quebec  lunatic  asylum;  and  also  traveled  extensively 
with  him  in  Europe  and  the  East.  In  connection  with  his  study  of  medi- 
cine at  Laval  University  he  became  interested  in  chemistry,  which  he 
afterward  taught  for  several  years  at  Morrin  College,  Quebec.  No 
doubt  his  excursion  in  this  direction  was  initiated  by  his  acquaintance 
with  a  man  who  was  destined  to  have  a  decisive  influence  upon  his  future 
career,  namely,  Thomas  Sterry  Hunt,  at  that  time  about  33  years  old, 
who  was  lecturing  on  chemistry  in  the  French  language  at  Laval.  Hunt's 
prodigious  intellectual  activity,  keen  ins^ht  into  the  facts  and  laws  of 
nature,  and  fierce  enthusiasm  in  the  pursuit  of  scientific  truth  (qualities 
evident  enough  in  later  years,  but  doubtless  supereminent  in  his  youthful 
prime)  must  have  afiFected  profoundly  a  mind  like  that  of  Douglas. 
The  two  became  close  friends  and  in  after  years  business  partners. 
Yet  mean^i^iile  their  paths  were  widely  sundered.  Hunt  continued  his 
brilliant  career  as  chemist  and  geologist,  on  the  Canada  Geological  Sur- 
vey, in  the  faculty  of  McGill  University,  on  the  juries  of  successive 
international  expositions,  as  the  recipient  of  sundry  honorary  degrees 
and  decorations,  as  prolific  author  of  notable  scientific  papers,  and  finally 
as  Professor  of  Geology  in  the  Massachusetts  Institute  of  Technology, 
and  one  of  the  most  active  promoters  and  officers  of  the  American  In- 
stitute of  Mining  Engineers.  Douglas,  meanwhile,  returned  to  Edin- 
burgh, to  continue  the  study  of  medicine — choosing,  however,  this  time 
the  more  scientific  branch  of  surgery — and  pursuing  as  an  avocation  at 
the  same  time  a  course  on  theology,  which  he  carried  so  far  as  to  receive 
a  license  to  preach.  It  is  permissible  to  conjecture  that  he  prophetically 
foresaw  the  type  of  spiritual  leader  who  ministers  to  both  soul  and  body — 
a  type  more  fully  developed  nowadays  in  the  medical  missionary, 
and  furnishing  for  Douglas  a  welcome  compromise,  or  rather  combination, 
of  activities,  satisfying  at  once  his  love  of  science  and  his  love  of  men. 
But  his  professional  plans  were  cut  short  by  the  pecuniary  embarrass- 
ments of  his  father,  who  had  made  unfortunate  investments  in  mining 
schemes.  To  assist  him,  the  younger  Douglas  returned  to  Canada,  about 
J871. 

The  investments  referred  to  were  in  the  Harvey  Hill  copper  mines 
in  Quebec,  the  2-per  cent,  copper  ores  of  which  could  not  be  economically 
treated  at  that  time  by  any  known  process,  Douglas  was  doubtless 
familiar  with  tbe  researches  of  Sterry  Hunt  on  the  reactions  between 
cupric  oxide,  suli^ur  dioxide,  etc.,  and  had  recourse  to  his  old  friend  in 
ihis  emei^ency.  Together  they  worked  out  the  famous  Hunt  and  Doug- 
las process,  the  original  form  of  which  was  described  by  Hunt  as  follows:^ 

'  T,  Steny  Hunt:  Semarkg  on  the  Hunt  and  Douglas  Copper  Procesa.  Trajia. 
(1871-73),  J,  258. 
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The  essential  principle  ot  this  now  pTocess  '  •  •  •  is  the  dissolving  of  the  osides 
*of  copper  bj  a  hot  solution  of  piotochloride  of  iron  aod  common  salt.  In  the  action 
which  takes  place,  the  protochloride  of  iron  is  converted  into  peroxide,  while  the 
oxides  of  copper  are  chanfted  to  protochloride  and  dichlonde,  the  latter  of  which,  . 
though  insoluble  in  water,  ia  leadily  soluble  in  a  hot,  strong  brine.  From  the  solution 
thus  obtained,  metallic  iron  throws  down  the  copper  in  a  metallic  state,  regenerating 
the  protochloride  of  iron,  which  is  then  ready  for  the  treatment  of  a  fresh  portion  of 
oxidiied  copper  ore. 

The  obvious  ingenuity  and  beauty  of  this  process  made  it  very  attract- 
ive to  metallurgists;  and  for  a  time  it  waa  believed  that  the  treatment  of 
2-per  cent,  copper  ores  had  been  made  economically  practicable  in  this 
way.  It  would  be  easy  but  tedious  to  enumerate  here  the  many  practical 
and  commercial  difficulties  which  have  proved,  so  far,  insurmountable 
by  such  methods.     In  1893,  Douglas  himself  wrote:* 

There  has  been,  however,  but  little  patronage  extended  to  wet  copper-methods, 
mainly  because  we  do  not  possess,  within  accessible  reach  of  the  chemiral  centers, 
any  large  bodies  of  cupriferous  pyrites,  whose  residues,  after  the  extraction  of  sulphur 
and  copper,  would  possess  value  as  an  iron-ore.  The  treatment  of  the  low-grade 
oxidized  ores  of  the  Southwest  is  awaiting  realization.  In  the  past,  various  attempts 
have  been  made  to  employ  old  and  new  wet  methods;  but  none  has  proved  com- 
mercially successful,  nor  has  any  survived  until  to-day. 

In  1875,  Mr.  Douglas  came  to  the  United  States  as  Superintendent  of 
the  Chemical  Copper  Co.,  of  Phoenixville,  Pa.,  which  treated  copper  ores 
and  pyritic  cinders,  and  also  melted  and  refined  base  metal.  A  variety 
of  the  Hunt  and  Douglas  process  was  employed  for  extraction.  It  was 
a  small  plant,  and  ill-supplied  with  capital.  I  remember  examining  it 
while  Douglas  was  in  charge,  and  admiring  the  courage  with  which  he 
struggled  against  technical  difficulties,  and  the  ingenuity  with  which 
he  devised  substitutes  for  expensive  apparatus.  It  was  an  up-hill  busi- 
ness, and  alter  some  years  of  strenuous  endeavor,  the  plant  was  destroyed 
by  fire.  But  the  discipline  of  the  long  contest  had  made  a  strong  man  of 
Douglas,  while  his  business  relations  had  brought  him  into  contact  with 
many  who  could  not  fail  to  be  impressed  by  his  ability  and  integrity. 
For  some  years  after  the  failure  of  the  Phoenixville  enterprise,  he  was 
without  fixed  employment,  though  he  did  some  important  consulting 
work,  visiting  Montana,  Colorado  and  other  mirung  districts.  Concern- 
ing the  stroke  of  well  earned  "good  luck"  which  placed  him  on  the 
straight  road  to  fame  and  fortune,  I  cannot  do  better  than  quote  the  story 
as  told  by  Dr.  Lrcdoux: 

An  iMicident  brought  him  into  contact  with  the  old  metal  house  of  Phelps,  Dodge 
&  Co.     When  the  Copper  Queen  mine  was  opened  by  Martin  and  Reilly,  the  first 

>  James  Douglas:  Summary  of  American  Improvements  and  fnventians  io  Ore- 
cruahing  and  Concentration,  and  in  the  Metallurgy  of  Copper,  Lead,  Gold,  Silver, 
Nickel,  Aluminum,  Zinc,  Mercury,  Antimony  and  Tin.  Trans.  (1893),  33,  321 
(Chicago  meeting,  1893,  being  part  of  the  International  Engineering  Coi^ress). 
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carloftda  ot  copper  bars  were  sent  to  Phoenixville  to  be  refined  by  Dr.  Douglas's 
works.  He  bad  been  introduced  to  Mr.  William  E.  Dodge  and  had  heeo  retained 
to  report  on  tbe  Detroit  Copper  Company's  mines  in  Arizona.  This  finn  was  con- 
servative in  the  extreme  and,  while  very  targe  sellers  of  metals,  had  but  recently 
entered  into  the  miaing  field,  considering  mining  somewhat  of  a  gambling  venture. 
Urged  by  an  acquaintance,  they  had  taken  an  option  on  the  former  Copper  Queen — 
the  original  of  the  name— in  Arizona,  and  eng^cd  Dr.  Douglas  to  examine  it.  They 
agreed  to  pay  his  expenses  and  to  furnish  him  with  a  certain  sum  of  money  with  which 
to  test  the  property,  promising  that  if  they  took  it  over  on  his  recommendation, 
they  would  place  the  management  in  his  bands  and  give  him  an  interest. 

The  world  knows  to  what  great  heights  Phelps,  Dodge  &  Co.  have  attained  in 
the  mining  business.  Dr.  Douglas,  upon  the  incorporation  of  tbe  firm,  became  its 
Freudent.  The  writer  feels  sure  that  those  who  have  succeeded  to  the  control  of 
this  corporation  after  the  deaths  of  Messrs.  William  £.  Dodge,  Senior  and  Junior, 
and  of  Mr.  D.  Willis  James,  will  not  resent  the  statement  that,  in  the  writer's  opinion. 
Dr.  Doi^las  supplied  the  imagination  necessary  in  all  great  enterprises,  while  they 
auppUed  the  money  and  equally  important  careful  business  management. 

The  product  of  the  smelter  at  Bisbee  was  hauled  several  miles  to  the  raihvad  by 
mules.  He  put  in  the  first  traction  engines  employed  in  the  Southwest.  This  method 
becoming  too  slow,  he  built  the  railroad  from  Bisbee  to  Fairbanks,  the  junction  with 
the  Southern  Pacific.  When  the  product  ot  the  Copper  Queen  became  too  great  to 
handle  economically  at  Bisbee,  it  was  his  idea  to  establish  at  Douglas  the  beginning 
of  the  great  smelting  plant  which  today  is  second  to  none — if  not  in  rapacity,  at 
least  in  well  thought-out  installation  and  correlation  of  its  parts;  in  efficiency  and 
economy  in  management. 

Looking  further  ahead  than  the  life  of  the  Copper  Queen,  it  was  Dr.  Doi^las  who 
suggested  the  taking  over  of  adjoining  properties  in  the  Bisbee  camp,  and  the  agree- 
ment to  disregard  the  law  ot  the  apex  and  questions  of  extra-lateral  right,  so  there  has 
been  no  litigation  at  Bisbee  from  these  fertile  sources  of  trouble  in  most  mining 
camps. 

It  was  Dr.  Douglas  again,  when  fuel  became  expensive  and  irregular  in  delivery, 
who  suggested  the  organizing  of  a  coal  company  to  supply  their  own  needs  and  to 
enable  them  to  sell  coal  and  coke  to  others  without  paying  tribute  in  high  freights  to 
the  railroad.  Again,  it  was  bis  suggestion  that  their  railroad  should  be  extended  to 
El  Paao,  and  that  branch  lines  should  be  built  into  Mexico,  where,  on  his  initiative, 
Phelps,  Dodge  &  Co.  had  already  secured  important  producing  mines,  destined  to 
add  a  very  considerable  tonnage  to  their  output  of  copper. 

In  1875,  the  year  when  Douglas  came  to  Phoenixville,  he  waa  elected 
a,  member  of  this  Institute,  and  in  June,  1876,  he  entertained  at  his 
works  a  visiting  party  of  its  members.  Already,  thus  early  in  his  career, 
he  manifested  the  quality  which  waa  afterward  ao  characteristic  of 
him — a  great  willingness  to  communicate,  as  well  as  to  receive,  the  results 
of  discovery  and  practice.  The  Institute,  founded  to  promote  this 
open  interchange  of  professional  knowledge,  appealed  peculiarly  to  his 
mind,  which  disdained  to  harbor  secrets.  Through  the  five  years  in  which 
he  bravely  fought  at  Phoenbtville  a  losing  fight,  he  remained  in  the  Insti- 
tute; but  when  that  enterprise  had  failed,  and  he  was  obliged  to  begin 
again  somewhere  else,  he  resigned  his  membership,  the  annual  expense  of 
which   he    could    not   conscientiously    afford.     But   after   professional 
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recognition  and  business  success  had  returned  to  him,  he  Secured  rein- 
statement in  that  relationship  and  thenceforth  unto  the  end  was  in  every 
way  a  loyal,  potent  and  munificent  supporter  of  the  Institute.  I  men- 
tion this  episode  of  his  temporary  retirement,  because  it  was  influential 
in  the  history  of  the  Institute  itself.  For  years  after  Dr.  Douglas  had  be- 
come a  leader  in  its  management  (he  was  Vice-president  in  1897-8,  Presi- 
dent in  1899-1900,  Director  from  1905  to  1913,  Honorary  Member  from 
1&06,  and  Vice-president  of  the  Board  of  Directors  from  1906  to  1911) 
he  was  a  strong  opponent  of  the  increase  of  annual  dues.  Even  after 
the  acceptance  by  the  Institute  of  Mr.  Carnegie's  gift  (involving  a  heavy 
land-debt),  he  was  not  wilhng  to  meet  additional  expenses  in  that  way. 
"I  remember,"  he  used  to  say,  "when  even  ten  dollars  a  year  was  too 
great  a  burden  for  me;  and  I  will  not  vote  to  lay  a  heavier  load  upon 
young  American  ei^neers."  I  promised,  as  Secretary,  to  take  care  of 
all  office  expenses  out  of  the  annual  dues  as  they  stood;  and  that  promise 
was  kept.  But  it  was  not  possible  to  make  payments  also  upon  the  land- 
debt;  and  we  proposed  to  pay  that  by  subscription.  This  is,  indeed, 
what  was  finally  done;  and,  without  disparaging  the  liberality  of  other 
subscribers,  it  must  be  said  that  the  early  success  of  the  movement,  which 
paid  the  whole  debt  (1180,000  and  interest)  ten  years  before  the  final 
payment  was  due  under.the  terms  of  the  mortgage,  was  chiefly  the  work 
of  James  Douglas.  It  is  true,  that  after  this  achievement,  the  Institute 
was  unable  to  meet  its  running  expenses  without  raising  the  dues  to  }12, 
and  Mr.  Douglas  was  beaten  on  that  point,  after  all.  But  the  whole 
story  shines  with  his  generous  and  sympathetic  courage. 

One  day,  in  a  private  talk  over  Institute  affairs,  I  would  have  cau- 
tioned him  against  a  too  reckless  giving  away  of  his  money;  but  he  cut 
me  short  by  saying,  "This  year,  for  the  first  time  in  my  life,  I  have  what 
I  may  call  a  lai^e — really,  Raymond,  a  very  large — income;  and  I  mean 
to  get  some  pleasure  out  of  it!" 

At  the  time  when  Phelps,  Dodge  &  Co.  became  a  corporation,  the 
members  of  the  firm  set  aside  $10,000  as  a  gift  to  Dr.  Douglas,  in  recog- 
nition of  his  past  services.  But  under  bis  earnest  persuasion,  they  gave 
the  money  to  the  Institute  land-fund  instead,  in  addition  to  their  earlier 
subscription  of  some  thousands  of  dollars.  He  was  himself  also  at  that 
time  already  a  large  subscriber. 

This  does  not  exhaust  the  list  of  his  benefactions  to  the  Institute. 
After  the  land-fund  had  been  completed,  he  gave  $100,000  to  the  Library ; 
and  it  is  reported  in  the  newspapers  that  he  left  to  the  same  object  $100,- 
000  more  in  his  will. 

Dr.  Douglas's  contributions  to  our  Tranaactions  are  shown  in  the 
following  table: 
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PAPBBS 
Title  Vol.  PSRC  Year 

The  Copper  Resourcea  of  the  United  States xis    ■  678  1890 

Biographical  Notice  of  Thomas  Sterry  Hunt xsi  400  1892 

Summary  of  American  Improvements  and  Inventions  in 

Ore-cruahing  and  Concentration,  and  in  the  Metallurgy 

of  Copper,  Lead,  Gold,  Silver,  Nickel,  Aluminum,  Zinc, 

Mercury,  Antimony  and  Tin xxii  321  1893 

Note  on  the  Operation  of  a  Liglit  Mineral  Railroad xxviii  600  1898 

Notea  on  the  Stockholm  Exposition  and  the  Iron  and  Steel 

Trade  of  Sweden xxviii  101  1898 

American  Transcontinental  Lines xxix  782  1899 

The   Characteristics  and  Conditions  of  the  Technical 

Progress  of  the  Nineteenth  Century xxix  648  1899 

The  Copper  Queen  Mine,  Arizona xxix  511  1899 

Biographical  Notice  of  WilUam  Earl  Dodge xxxiv  412  1903 

Secrecy  in  the  Arts xxxviii  455  1907 

Conaervation  of  Natural  Resources xl  419  1909 

DISCDOSIONe 

Summary  of  American  Improvements  and  Inventions  in 
Ore-cruahing  and  Concentration,  and  in  the  Metal- 
lurgy of  Copper,  Lead,  Gold,  Silver,  Nickel,  Aluminum, 

Zinc,  Mercury,  Antimony  and  Tin xxii  647         1893 

Stockholm*  Exposition  and  the  Iron  and  Steel  Trade  of 

Sweden '.     xxviii         813         1898 

The  Copper  Queen  Mine,  Arizona xxLt         1056        1899 

Corroaion  of  Watcr-jacketa  of  Copper  Blast  Fumacea  . . .     xxxviii       879        1907 

Coal-briquette  Plant  at  Bankhead,  Alberta,  Canada xxxix         894        1903 

Conservation  of  Natural  Resources. xl  ■  878        1909 

Beeides  these  professional  papers,  and  many  of  the  same  class  read 
before  other  technical  societies.  Dr.  Douglas  published  the  following 
books: 

Canadian  Indepeiidence,  Annexation  and  Imperial  Federaiion. 

Old  France  in  the  New  World. 

New  England  and  New  France, 

Journoi  and  Reminiscences  of  James  Douglaa,  M.D.,  Edited  by  kia  son. 

He  received  the  degree  of  LL.D.  from  both  Queen's  University  (of 
which  he  was  Chancellor  when  he  died)  and  McGill  University,  of  which 
he  had  been  a  trustee  for  many  years.  In  1906,  the  gold  medal  of  the 
Institution  of  Mining  and  Metallurgy  of  Great  Britain,  and  in  1916  the 
John  Fritz  gold  medal,  were  awarded  to  him.  In  1906,  as  already  men- 
tioned, he  was  elected  an  Honorary  Member  of  this  Institute,  and  in  1907 
the  same  title  was  conferred  upon  him  by  the  Mining  and  Metallurgical 
Society  of  America.  He  was  a  member  of  the  American  Philosophical 
Society,  the  American  Geographical  Society,  the  Society  of  Arts,  of 
London,  the  Iron  and  Steel  Institute,  and  other  learned  and  professional 
bodies. 
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Besides  his  munificence  toward  this  Institute,  Dr.  Douglas  was  a 
liberal  benefactor  of  many  good  causes  and  institutions  and  of  innumer- 
able individuals.  A  few  instances  only  can  be  mentioned  here.  A  much 
larger  number  will  never  be  publicly  known.  In  addition  to  bis  generous 
^fts  during  bis  life,  he  bequeathed  $100,000  to  the  American  Museum 
of  Natural  History,  $100,000  to  this  Institute,  $100,000  to  the  General 
Hospital  at  Kingston,  Canada,  and  $50,000  to  McGill  University,  be- 
sides legacies  to  many  employees. 

In  short,  he  lived  long  enough  to  realize  the  purpose  of  his  life,  and  to 
"get  some  pleasure  out  of  it." 

Dr.  Douglas  in  1860  married  Miss  Naomi  Douglas,  daughter  of  Cap- 
tain Walter  Douglas,  of  Quebec,  who  survives  him,  together  with  two 
sons  and  two  daughters:  Major  James  F,  Douglas,  developer  of  the 
United  Verde  Extension  Mine,  who  is  now  serving  in  France;  Walter 
Doi^las,  who  succeeded  his  father  as  President  of  the  Phelps-Dodge 
Corporation;  Mrs.  Edith  M.  Douglas,  wife  of  Archibald  Douglas,  a 
New  York  lawyer  of  extensive  mining  interests;  and  Miss  Elizabeth 
J>ougIa8. 

Good-by  for  a  while,  James  Douglas  1 — unwearied  worker,  courageous 
leader,  wise  counsellor,  glad  giver,  faithful  lover  and  friend — "Dovi^las, 
Douglas,  tender  and  truet" 
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Method  of  Fixing  Prices  of  BitunUsous  Coal  Adopted  by  the  United 
States  Fuel  Adminiatralion* 

BT  CTBU8  QARNSET,  JB,,  R.  V.  NORRIS,  AMD  1.  H.  ALLPORTt 
(ColoculD  Meetinc,  September,  191S) 

Necessity  pok  Price  Fixing 

DuBiMO  the  latter  part  of  1916  and  the  early  months  of  1917,  due  to 
war  activities,  there  was  a  threatened  shortage  of  coal  which  resulted  in 
panic  among  consumers  and  a  rush  to  obtain  coal  at  once  at  any  price. 
As  a  result  of  this  insistent  demand  for  immediate  delivery,  prices  were 
bid  up  by  the  consumers  to  unprecedented  heights;  spot  coal  which  had 
previously  been  selling  at  from  $1.50  to  $2  per  ton  was  bid  up  to  $5,  86, 
and,  in  exceptional  cases,  as  high  as  $7.50  or  more  per  ton.  Then  when 
the  April,  1917,  contract  period  arrived,  contracts  could  be  made  only  at 
prices  raiding  from  S3  up  to  $5  and  $6  per  ton  for  the  year's  delivery. 

This  condition  caused  such  a  demoralization  of  the  business,  and  so 
much  complaint,  that  some  action  to  regulate  prices  was  considered 
essential  by  the  National  Administration. 

Lane-Pbabodt  Agreement 

In  May,  1917,  a  committee  under  the  chairmanship  of  F.  S.  Peabody, 
of  Chicago,  was  appointed  by  the  Council  of  National  Defense,  through 
Mr.  Lane,  to  consider  the  whole  question  of  bituminous  coal.  This 
committee,  with  the  Secretary  of  the  Interior,  Mr.  Lane,  after  numerous 
meetings  and  long  negotiations  with  the  operators  throughout  the  coun- 
try, announced  on  June  29  an  agreement  between  the  Committee  and  the 
producers,  fixing  a  tentative  maximum  price  for  bituminous  coal  through- 
out the  country  at  $3  per  net  ton  f.o.b.  mines,  to  which  was  added  25  c, 
for  selling  commission  to   wholesalers. 

This  plan  was  based  on  the  idea  of  fixing  a  maximum  price,  high 
enough  to  greatly  stimulate  production,  with  the  expectation  that  the 
laws  of  supply  and  demand  would,  with  ample  production,  operate  to 
maintain  fair  and  just  prices  for  coal  throughout  the  country. 


•Read  before  the  Anthracite  Section,  Wilkes-Barre,  Pa.,  Aug.  10,  1 
t  Ettgineere  to  United  States  Fuel  Administration. 
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The  "Lbvbr  Act" 

With  the  country  plunged  into  the  greatest  war  of  history,  it  became 
evident  that  distinct  power  should  be  given  the  Administration  to  control 
efficiently  war  neceseitiee,  food  and  fuel,  needed  in  ever-increasing 
amounts,  not  only  by  our  own  country  but  by  our  allies,  and  for  our  armies 
in  this  country  and  abroad.  With  this  in  view,  the  Sixty-fifth  Congress 
passed  House  Bill  No.  4961,  generally  known  as  the  "Lever  Act,"  en- 
titled "An  Act  to  provide  further  for  the  national  security  and  defense 
by  encouraging  the  production,  conserving  the  supply,  and  controlling 
the  distribution  of  food  products  and  fueb."  It  was  approved  Aug. 
JO,  1917. 

Section  5  of  the  Lever  Act  authorizes  the  licensing  of  "the  importa- 
tion, manufacture,  storage,  mining  or  distribution  of  any  necessities;" 
and  Section  25,  "to  fix  the  price  of  coal  and  coke,  whenever  and  wherever 
sold,  either  by  producer  or  dealer,"  It  is  further  provided  in  this  section 
"in  fixing  maximum  prices  for  producers,  the  commission  shall  allow 
the  cost  of  production,  including  the  expense  of  operation,  maintenance, 
depreciation  and  depletion,  and  shall  add  thereto  a  just  and  reasonable 
profit."  "In  fixing  such  prices  for  dealers  the  commission  shall  allow 
the  cost  to  the  dealer  and  shall  add  thereto  a  just  and  reasonable  sum  for 
his  profit  in  die  transaction."' 

[The  powers  of  the  Federal  Trade  Commission  as  to  coal  were,  with 
certain  minor  exceptions,  transferred  to  the  United  States  Fuel  Adminis- 
tration by  order  of  the  President  on  July  3,   1918.] 

The  "President's  Pricbb" 

On  Aug.  21,  1917,  the  President  announced  prices  for  bituminous 
coal  throughout  the  United  States,  specifying  prices  for  run-of-mine, 
prepu'ed  sizes,  and  slack  or  screenings,  by  States  and,  in  a  few  instances, 
by  districts  or  by  seams.  These  prices  for  run-of-mine  coal  varied  from 
$1.90  to  $3.25,  and  were,  in  general,  a  very  great  reduction  from  the  prices 
fixed  by  the  Lane-Peabody  Commission. 

These  prices  were  based  on  averse  figures  on  about  100,000,000 
tons  production,  prepared  by  the  Federal  Trade  Commission,  from  the 
very  meager  data  in  its  possession,  generally  costs  from  the  larger  and 
lower-cost  operations  of  each  district. 

The  Fuel  Administration 

On  Aug.  23, 1917,  Mr.  Harry  A.  Garfield  was  appointed  United  States 
Fuel  Administrator  by  the  President,  and  to  him  was  delegated  the  pow- 
ers as  to  fuel,  conferred  by  said  act  on  the  President.  On  the  same  day, 
by  Presidential  proclamation,  prices  were  fixed  on  Pennsylvania  anthra- 
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■  cite  coal.  From  this  date  until  early  in  January,  1918,  numerous  revi- 
sions and  adjustments  of  "The  President's  Prices"  were  made  by  the 
Fuel  Administrator,  but  no  general  verification  or  revision  was  attempted. 
Early  in  January,  the  Engineers'  Committee  was  constituted,  and 
to  this  Committee  was  entrusted  the  making  of  a  general  review  of  costs, 
and  the  submission  to  the  United  States  Fuel  Administrator  of  the  results 
of  careful  studies  of  the  costs  of  producing  coal  throughout  the  United 
States.  The  Committee  was  not  then,  and  never  has  been,  authorized  to 
fix  prices  on  coal;  the  limit  of  its  duties  has  been  to  study  and  report 
on  methods  of  price  fixing  and  to  determine  and  furnish  costs,  leaving 
to  the  Fuel  Administrator  the  personal  duty  of  determining  the  amount 
of  margin  to  be  allowed. 

The  Committee's  first  work  was  a  study  of  price-fixing  methods 
which  were,  or  might  be,  applicable  to  coal-producing  conditions.  In 
arriving  at  a  logical  and  scientific  plan  for  fixing  the  price  of  fuel  the 
following  methods  were  considered: 

1.  Straighi  Coat  Plus  Method. — The  actual  cost  at  each  colliery  plus  a 
fixed  sum  or  percentage  of  profit. 

2.  Modified  Coat  Plus  Method. — The  actual  cost  at  each  colliery  plus  a 
graduated  profit  decreasing  as  costs  increase. 

3.  Average  Coat  Methods. — Prices  fixed  on  the  average  cost  in  each 
district. 

4.  Pooling  Methods.^—AH  coal  sold  at  the  average  cost  of  each  district 
plus  a  profit,  and  the  returns  to  each  colliery  adjusted  through  a  clearing 
house  at  a  price  proportioned  to  its  cost  of  production. 

Discussion  of  Advantages  and  Disadvantages 
OF  These  Methods 

1.  Straight  Cost  Plus  Method 

Advantages. — (o)  All  producers  would  receive  the  same  profit,  and  no 
one  would  have  an  advantage  over  another  in  this  respect. 

(b)  Apparently  simple  in  plan  and  execution. 
Disadvajdages. — Impracticable  of  application,  by  reason  of: 

(a)  Kesultant  multiplicity  of  prices,  with  grave  disturbance  of 
markets. 

(6)  Continual  changing  of  prices  due  to  inevitable  variations  in  each 
producer's  costs. 

(c)  Instability  of  the  industry,  due  to  the  natural  disposition  of 
consumers  to  purchase  the  lowest-price  coal. 

(d)  Inefficiency  in  operation  always  resulting  from  lack  of  incentive 
in  cost  plus  operations. 

(e)  Material  reduction  in  output  and  reduction  in  quality  due  to  the 
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natural  tendency  to  mine  the  poorer  and  more  expensive  coal  with  a 
guaranteed  profit,  and  to  leave  the  better  and  cheaper  coal  in  reserve 
to  be  mined  on  the  return  of  normal  conditions. 

(f)  Continual  increase  in  all  costs  incident  to  extravagant  methods 
encouraged  by  guaranteed  profits. 

(_g)  Labor  unrest  and  constant  demands  for  increases  due  to  the 
knowledge  of  a  guaranteed  profit  regardless  of  cost. 

(A)  Practical  impossibility  of  arriving  with  technical  accuracy  at  the 
coBts  of  each  separate  operation. 

(t)  Impracticability  of  the  Government's  policing  the  mines  and 
securing  the  same  efficient  operation  and  production  attained  by  the 
individual  producer  under  the  stimulus  of  increased  profits. 

0)  Illogical,  in  that  the  better  planned  and  manned  operations  are 
discouraged,  as  compared  with  poor  and  inefficiently  managed  properties. 

2.  Modified  Coat  Plus  Method 

This  is  but  a  modification  of  the  preceding,  and  the  same  discussion 
applies,  modified  only  by  the  inclusion  of  a  somewhat  greater  incentive 
to  the  better  and  more  economical  operations. 

3.  Average  Coat  Methods 

Advantages. — A  minimum  uniform  price  for  each  district  or,  if  desired, 
for  the  entire  country. 

Disadvantagea. — (o)  The  average  cost  is  necessarily  less  than  the  cost 
of  about  half  the  total  tonnage.  Hence,  a  reasonable  profit  put  on  the 
average  cost  would  not  produce  the  necessary  tonnage. 

(6)  The  tonnage  below  and  up  to  the  average  cost  is  actually  produced 
by  less  than  30  per  cent,  of  the  operators  of  the  country.  Hence,  the 
great  majority  of  the  operators  producing  at  above  average  cost  would 
be  put  out  of  bueineSE  by  a  price  based  on  the  average. 


4.  Pooling  Methods 

Pooling  may  be  done  on  either  cost  plus,  modified  cost  plus,  or  on  the 
prices  established  by  the  United  States  Fuel  Administration, 

AdvaiUages. — (o)  A  uniform  price  to  consumers  for  sections  and,  if 
desired,  for  the  entire  country. 

(b)  A  present  lower  price  to  consumers  based  on  weighted  average 
cost. 

(c)  A  simplification  of  all  present  pooling  arrangements,  as  all  coal 
to  each  pool  would  have,  or  could  be  arranged  to  have,  the  same  price. 

(d)  A  return  to  the  consideration  of  quality  instead  of  cost,  as,  with 
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all  coftl  at  the  same  price  to  consumers,  the  higher  qualities  would 
naturally  be  preferred. 

DiaadvatUages  of  Pooling  Coat  Plus  or  Modified  Coal  Plus  Methods. — 

(a)  Continual  variation  in  pool  prices,  due  to  inevitable  variations 
in  producers'  costs. 

(b)  Unfair  and  illogical,  in  that  the  better  located  and  managed  opera- 
tions are  made  to  pay  tribute  to  the  poor  and  badly  managed  ones. 

(c)  A  general  and  considerable  increase  in  cost  inevitably  resulting 
from  any  method  involving  guaranteed  profits  with  a  disregard  of 
economy. 

{d)  A  material  reduction  in  output,  due  to  lack  of  incentive  and  re- 
sulting inefficient  methods,  the  employment  of  unnecessary  labor,  the 
mining  of  the  more  expensive  and  less  desirable  qualities  of  coal  for  the 
ultimate  benefit  of  the  mines,  and  the  execution  of  development  not  im- 
mediately needed. 

(e)  A  slacking  of  the  efforts  of  employees,  which  is  the  usual  result  of 
a  lack  of  incentive  to  the  producer,  with  the  resulting  lack  of  interest. 

(f)  The  installation  of  an  unsound  policy  tending  to  encourage  the 
inefficient  and  discourage  the  efficient  producer. 

{g)  The  ever-present  temptation  to  allow  costs  to  increase  with  the 
hope  of  readjustment  of  prices. 

(A)  Dissatisfaction  to  both  labor  and  to  producers  from  the  knowledge 
that  other  and  less  efficient  operations  have  higher  limits  of  price. 

The  disadvantage  of  pooUng  on  the  prices  fixed  by  the  United  States 
Fuel  administration  are  the  same  as  suggested  above,  without  some  of  the 
special  disadvantages  of  cost  plus  methods. 

Disadvantage  of  Pooling  in  General,  —(a)  A  very  large  capital  required 
to  handle  such  stupendous  operations. 

(ft)  Enormous  and  extended  credits  required  to  finance  the  producers. 

(c)  Lack  of  organization  to  handle  this  new  business. 

(d)  Undesirability  of  creating  such  an  organization  with  its  army 
of  additional  employees  at  the  present  time. 

(c)  Inadvisability  of  putting  a  new  and  untried  plan  into  operation 
at  the  present  time. 

{/)  Impossibility  of  obtaining,  with  sufficient  promptness,  the  costs 
necessary  to  fix  pooUng  prices  with  the  necessary  accuracy. 

(g)  Interference  with  present  established  methods  of  handling 
coal,  with  serious  risk  of  crippling  its  distribution  and  unnecessarily 
creating  a  shortage. 

None  of  these  si^gested  methods  seemed  to  fill  the  peculiar  conditions 
incident  to  price  fixing  of  coal  at  the  mines,  and  it  devolved  upon  the 
Engineers'  Committee  to  develop  some  method  better  suited  to  the  con- 
ditions of  the  problem. 
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The  Price  Fixing  Method  Adopted 

The  study  of  the  conditions  indicated  the  necessity  of  finding  a  method 
of  price  fixing  which  would  fill  as  nearly  as  practicable  the  following 
requirements : 

1.  Result  in  a  price  fair  to  the  public. 

2.  Prevent  excessive  prices  or  profiteering. 

3.  Prevent  a  multiplicity  of  prices  in  any  district. 

4.  Encourage  legitimate  production. 

5.  Discourage  production  from  inefficient  and  unduly  costly  opera- 
tions. 

6.  Insure  to  the  producer  "the  cost  of  production,  including  the  ex- 
pense of  operation,  maintenance,  depreciation,  and  depletion,  with  a 
just  and  reasonable  profit,"  as  required  by  the  Lever  Act. 

In  arriving  at  a  method  promising  to  accomplish  these  results  as 
nearly  as  practicable,  the  following  system  was  developed.  Costs 
obtained  from  the  individual  sheets  filed  by  each  operator  with  the  Fed- 
eral Trade  Commission  were  studied,  listed,  and  adjusted  for  price  fixing. 
These  figures,  with  the  percentages  of  each  cost  in  the  total  production 
of  each  district,  were  plotted  on  diagrams,  showing  graphically  the  range 
and  extent  of  variation  in  each  district.  On  these  diagrams  a  line  indi- 
cating the  sources  of  indispensable  tonnage,  christened  "the  bulk  line," 
is  drawn  as  a  base  to  which  the  Fuel  Administrator  personally  adds  a 
margin  in  hia  judgment  necessary  for  each  district. 

Advantages  of  this  System 

The  method  of  fixing  prices  by  the  "bulk  line"  principle  recognizes 
the  economic  syllogism  that  "the  price  of  any  article  necessary  to  a  com- 
munity will  be  fixed  by  the  cost  of  produeii^  that  necessary  portion  of 
such  article  involving  the  greatest  expense. " 

(a)  This  assures  to  all  producers  profits  dependent  upon  their  abUity 
and  exertions,  only  limited  by  the  establishment  of  a  reasonable  price 
to  the  consumer. 

(b)  It  does  not  unduly  increase  the  price  of  coal  to  the  consumer  over 
the  minimum  price  possible  under  other  methods. 

(c)  It  tends  to  encourage  maximum  production  and  necessary  develop- 
ment by  allowing  to  the  producer  the  benefit  of  reduced  costs  due  to 
greater  production. 

(d)  It  avoids  bad  feeling  among  the  producers  and  among  the 
workmen  by  allowing  a  fixed  price  in  each  district  and  not  apparently 
showing  favoritism  to  special  producers. 

(e)  It  tends  to  encourage  the  fit  and  discourage  the  unfit. 

(0  The  method  is  susceptible  of  refinement  and  extension,  making  it 
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possible  to  eliminate  undue  profite  to  the  producer  and  adjust  prices 
from  time  to  time  to  the  ultimate  advantage  of  the  consumer. 

Disadvaviages  of  This  System 

(o)  Considerable  profits  to  the  lowest-cost  operators. 

(b)  A  price  for  coal  greater  than  one  based  on  the  average  cost,  by 
the  amount  by  which  the  "bulk  line"  exceeds  such  average. 

This  method  appeared  to  be  better  suited  to  the  conditions  than  any 
of  the  others  suggested,  and  after  a  careful  study  by  the  U.  S.  Fuel 
Administrator,  it  was  adopted. 

Cost  Data  Available 

The  Federal  Commission  had,  by  authority  of  the  Act  of  Congress 
creating  the  Commission,  the  power  to  investigate  costs,  and  to  require, 
under  penalty,  reports  of  costs  of  operation.  Under  this  authority, 
theCommissiou  sent  out,  to  each  coal  producer  listed  in  the  United  States, 
blankB  requiring  a  rather  complete  and  detailed  statement  of  costs  of 
operation,  and  the  realization  obtained  from  the  sale  of  this  product. 

These  reports  were  generally  available  for  the  months  of  August  and 
September,  1917,  at  the  time  the  revision  of  prices  was  started,  and  re- 
ports for  these  two  months,  studied  in  connection  with  later  reports,  weje 
generally  used  as  a  basis  of  costs  for  the  first  studies.  It  further  developed 
that  these  two  months  were,  in  most  instances,  fairly  representative,  as 
to  output,  of  the  average  of  the  year, 

Akaltsis  and  Adjustubnt  of  Cost  Sheets 

Without  desirii^  to  impugn  either  the  honesty  or  the  accuracy  of  the 
cost  sheets  as  presented,  it  was  found  essential  to  study  and  adjust  them 
for  use  as  a  basis  of  scientific  and  accurate  cost  finding.  Besides  correct- 
ing slips  and  palpable  mathematical  errors,  a  considerable  amount  of 
revision  was  necessary.  Many,  especially  of  the  small  operators,  were 
inexperienced  in  bookkeeping  and  submitted  cost  sheets  which,  while 
accurate  in  totals,  were  grievously  mixed  in  details. 

Supplies 

The  item  of  supplies  was  found  to  vary  so  widely  in  the  same  mines 
in  different  months  that  the  returns  for  single  months  were  practically 
abandoned,  and  the  figures  were  replaced  by  averages  from  all  reports 
available,  resulting  in  increases  or  deductions  from  the  monthly  costs 
as  reported. 
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The  item  of  maintenance  was  frequently  misunderstood,  in  some 
instances  all  supplies  and  much  labor  being  charged  to  this  account;  in 
others  a  fixed  sum,  and  in  still  other  cases,  nothing  at  all  was  charged. 

Depreciation  was  often  put  in  as  a  guess;  in  some  cases  it  was  frankly 
stated  that  this  seemed  a  good  time  to  charge  off  improvements,  and  such 
were  charged  to  the  limit,  and  beyond. 

Depletion  of  lands  was  also  an  item  which  apfteared  greatly  to  trouble 
some  of  the  accountants.  While  generally  understood,  many  very  wild 
guesses,  even  up  to  the  market  price  of  the  product,  were  found;  also, 
many  instances  of  depletion  charges  for  lands  operated  on  royalty  or 
alese  and  not  the  property  of  the  operator. 

Contingent  funds  noted  on  the  blank  were  generally  omitted  but, 
in  a  few  cases,  especially  when  the  need  of  such  funds  had  recently  been 
felt,  most  ample  allowances  were  made.  After  being  considered,  it 
was  decided  to  apply  in  each  district  amounts  obtained  by  studying  the 
claims  of  the  better  operators  of  such  district,  after  obtaining,  from  the 
best  available  sources,  reliable  figures  as  to  the  cost  of  lands  and  amount 
and  value  of  improvements  characteristic  of  the  district. 

The  question  of  contingent  reserves  is  a  serious  one.  From  a  strict 
cost-accounting  standpoint,  no  cost  can  be  permitted  until  incurred. 
Nevertheless,  such  reserves  are  essential  to  an  industry  involving  the 
great  risk  incident  to  coal  mining,  and  with  the  full  knowledge  that 
such  reserves  are  used  only  for  major  accidents  or  calamities,  and  that 
ordinary  losses  regularly  incurred  are  charged  to  the  costs  of  operation, 
it  was  decided  to  include  a  small  amount  for  contii^ent  reserve  in  the 
general  allowance. 

Salaries 

Executive  and  even  superintendent's  salaries  were  frequently  omitted. 
In  many  cases  of  personal  ownership,  undoubtedly  none  were  paid. 
It  was  considered  only  just  to  add  to  such  returns  reasonable  allowances 
for  salaries  to  place  such  reports  on  a  parity  with  the  majority  of  the  op- 
erations which  paid  for  such  necessary  service.  On  the  other  hand, 
occasional  Instances  were  found  of  reported  salaries  so  excessive  as  to 
require  adjustment  downward  to  a  reasonable  parity  with  the  general 
practice  of  the  district. 

A  sliding  scale  of  salaries  adjusted,  within  broad  limits,  to  the  monthly 
tonnage  of  an  operation  was  finally  devised.  Any  salaries  missing  or 
below  the  minimum  allowed  were  raised  to  the  minimum,  and  those 
above  the  maximum  were  lowered  to  the  maximum. 
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Special  Charges 
Special  charges  were  generally  treated  ia  detail,  often  spread  over  a 
reasonable  time  rather  than  allowed  in  a  single  month.    In  treating  these 
a  careful  study  of  all  reports  available  was  made. 

Special  Records 
The  Federal  Trade  Commission  had  required  special  explanations  of 
all  charges  out  of  the  ordinary,  and  all  these  records  were  available 
and  were  carefully  studied  and  had  great  influence  in  deciding  doubtful 
points. 

Outside  Profits 
The  profits  from  farms,  dwellings  or  stores  are  not  properly  mining 
profits,  and  accounts  of  these  should  be  kept  separate  from  mining  ex- 
pense. Where  it  is  found  that  such  accounts  are  separated,  no  deduction 
for  such  profits  should  be  made,  but  where  dwellings,  particularly, 
are  so  intimately  connected  with  the  mining  that  no  separation  is  possible, 
it  is  proper  to  include  their  operation  with  mining  accounts. 

Fuel  for  Power 

In  general,  charges  for  fuel  for  colliery  power  were  allowed,  ajid  the 
tonn^^  divisor  was  made  to  include  such  fuel.  In  the  opinion  of  the 
Committee  it  would,  however,  be  advisable  to  eliminate  colliery  fuel 
from  both  sides  of  the  account,  and  merely  to  keep  a  record  of  the  amount 
used;  by  this  method,  the  tonnage  divisor  represents  the  amount  shipped 
and  sold  and  is  susceptible  of  accurate  determination,  while  the  fuel  used 
is  approximated,  or  even  guessed  at,  too  often  to  make  the  general  records 
containing  this  item  reliable. 

Other  items  requiring  occasional  adjustment  were  the  inclusion  of 
washing  costs,  for  which  an  extra  charge  is  allowed,  in  the  mining  cost, 
and  the  inclusion  of  labor  and  supplies  used  in  coking  operations  con- 
ducted by  the  same  operators.  In  a  few  instances,  the  coke  tonnage,  or  a 
mixed  tonnage  of  coal  and  coke,  was  reported  and  used  as  a  divisor  to 
obtain  costs  per  ton,  resulting,  of  course,  in  a  notably  excessive  cost. 

In  general,  each  and  every  cost  sheet  was  studied  carefully  by  at  least 
one  member  of  the  Committee,  all  adjustments  were  considered  by  at 
least  two,  and  only  such  adjustments  were  made  as  were  warranted  by  the 
conditions  and  the  necessity  of  placing  all  costs  on  the  same  basis,  so  as 
to  find  a  just  basis  of  cost  for  fixing  the  prices  for  each  district. 

Eeportinq  Costs 

The  great  mass  of  cost  figures,  obtained  from  the  above  analysis 
of  the  cost  of  operators  minii^  over  95  per  cent,  of  the  entire  production 
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of  bituminous  coal  in  the  United  States,  would  be  merely  confusing  and 
of  but  little  practical  value  if  presented  in  tables  of  figures,  and  it  was  con- 
sidered necessary  to  devise  some  plan  to  present  these  graphically  so 
that  they  might  be  studied  and  compared  with  a  minimum  of  effort  and  - 
with  maximum  efficiency.  After  many  trials,  a  chart  was  evolved  which 
appears  to  have  satisfactorily  accomplished  the  ends  sought. 

The  costs  for  each  district,  both  exactly  as  reported  and  as  adjusted, 
were  arranged  in  order  by  1-c.  increments,  beginning  at  the  lowest 
cost,  with  the  tonnage  at  each  separate  cost,  whether  from  one  or 
more  operations;  the  percentage  of  total  tonnage  at  each  cost  was  cal- 
culated, and  the  cumulative  percentage  beginning  at  the  lowest-cost 
tonni^e  was  obtained. 


Charts 

The  percentages  thus  obtained  were  plotted  on  10  by  10-space  cross- 
section  paper,  resulting  in  a  diagram  like  Fig.  1. 

The  dotted  line  shows  the  costs  reported,  and  the  full  line  the  adjusted 
costs.  The  percentage  of  the  total  output  between,  or  up  to,  any  limits 
of  cost  can  be  determined  by  simple  inspection.    The    "bulk  line,"  or 
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line  of  indispensable  coal  which  must  be  assured  of  a  minimum  profit, 
after  study  of  the  conditions  and  necessities  of  any  district,  can  be  properly 
located,  and  from  this  a  minimum  profit  necessary  for  the  district  can  be 
determined. 

Adjusting  the  "Bulk  Line" 

The  "bulk  line"  is  a  matter  requiring  very  careful  study.  Its 
location  must  be  such  as  to  conserve  and  encourage  all  necessary  opera- 
tions and  thus  assure  the  maximum  coal  supply  from  each  district. 

It  is  almost  invariably  found  that  at  the  high-cost  end  of  the  diagram 
are  collected  most  of  the  doubtful  enterprises.  These  include:  mines 
which  have  failed  under  normal  competitive  conditions  and  have  been 
reopened  under  the  stimulus  of  the  high  prices  preceding  Goverrament 
control;  mines  abandoned  as  exhausted  and  reopened  for  the  few  remain- 
ing pillars;  new  enterprises  in  the  development  stage;  mines  opened  on 
beds  so  thin  or  of  such  poor  quality  that  they  could  not  operate  under 
normal  conditions;  small  mines  on  outcrop  coal,  often  of  popr  quality, 
which  have  neither  capital  nor  equipment  for  economical  working; 
mines  which  have  encountered  faults  or  in  which  the  coal  has  thinned  or 
split,  or  the  quality  has  so  deteriorated  as  to  prevent  working  at  a  reason- 
able cost;  and,  not  the  least  of  this  group,  mines  so  badly  managed  as  to 
show  unwarrantable  costs  of  operation. 

All  these  classes  of  mines  are  unjustifiable  under  war  conditions. 
They  use  labor  inefficiently.  Often  their  records  show  less  than  half  the 
tonnage  per  employee  usually  obtained  in  their  district,  and  their  elimina- 
tion is  an  economical  advant^^  to  a  district  in  releasing  labor  to  more 
efficient  mines. 

In  this  high-cost  group  occasionally  are  found  mines  which  have  a 
coal  of  unusually  high  quality  or  fitted  for  special  use,  for  which  a 
market  at  prices  above  those  of  the  district  has  always  existed.  Such 
mines,  on  proving  their  special  conditions,  may  receive  consideration  for 
special  prices  sufficient  to  allow  a  fair  profit  on  their  higher  costs. 

After  a  study  of  all  conditions,  the  "bulk  line"  is  located  as  far  as 
possible  to  exclude  the  classes  of  operations  above  mentioned,  and  to 
include  all  mines  operating  economically  and  efficiently.  The  margin 
above  the  "bulk  line"  is  sufficient  to  allow  all  but  a  very  small  percentage 
of  the  tonnage  to  be  produced  without  actual  loss,  but  with  less  than  the 
minimum  profit  applied  to  all  mines  up  to  the  "bulk  line." 

The  charts  have  the  further  advantage  that  they  show  all  the  costs  of 
any  district  without  divulging  the  costs  of  any  operation,  yet  by  a  very 
simple  system  of  confidential  keys  the  position  of  any  separate  operation 
can  be  almost  instantly  found  and  its  cost  sheets  located. 

The  charts  have  the  further  advantage  that  almost  any  desired  infor- 
mation as  to  costs  or  tonnage,  averages,  totals  within  desired  limits, 
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margins,  excessive  and  subnormal  costs  with  the  tonnf^  involved,  and 
other  items  of  information  often  required,  can  be  obtained  very  rapidly 
and  with  a  minimum  expenditure  of  time  or  labor.  On  one  occasion,  two 
members  of  the  Committee  calculated  in  a  single  evening  the  weighted 
average  costs,  both  reported  and  adjusted,  for  over  three-fourths  of  the 
entire  bituminous  coal  output  of  the  country. 

Districting 

It  b  inevitable  that  mines  should  show  wide  variations  in  cost,  due  to 
the  varying  thickness  and  character  of  the  beds  worked,  and  to  apply  a 
single  price  to  all  the  mines  of  a  State  would  result  in  either  allowing  an 
unreasonable  profit  to  those  working  the  better  and  thicker  beds,  or 
absolutely  put  out  of  business  the  higher-oost  districts. 

Where  an  area  examined  phows  wide  variations  of  cost,  it  becomes 
necessary  to  employ  some  plan  of  separation,  and  to  segregate  into  groups 
those  mines  operating  under  similar  conditions.  Such  districting  may  be 
based  on  difference  in  beds,  on  thickness  of  coal,  or  by  geographical  and 
geological  districts. 

DistTicting  by  beds  is  only  occasionally  practicable,  for  the  following 
reasons: 

(a)  Variation  in  thickness  and  quality  in  the  same  bed. 

(b)  Difficulty  of  identification  of  beds. 

(c)  Splitting  of  beds,  changing  one  thick  bed  to  two  or  more  thin 
ones. 

(d)  Changes  in  mining  conditions  in  the  same  bed,  making  radical 
differences  in  cost  of  mining. 

Diatricling  by  tkichneas  of  beds  seems  at  first  glance  the  most  Iogica.1 
method,  but  it  has  the  fatal  objection  that,  as  nearly  all  beds  become  thin 
in  places,  two  or  more  costs  will  be  found  in  contiguous  mines  and  often 
in  the  same  mine.  Further,  this  districting  leads  to  gross  profiteering, 
by  attempting  to  classify  mines  by  the  thinnest  coal,  not  by  theaverage. 

The  terms  "thick"  and  "thin"  beds  are  particularly  dangerous,  as 
what  would  be  considered  thick  in  one  region  may  be  classed  as  thin  in  an- 
other, and  the  reverse;  it  is  therefore  manifestly  undesirable  for  the  United 
States  Fuel  Administration  officially  to  designate  any  particular  thickness 
as  the  dividing  line  between  thick  and  thin. 

Districting  geographically  has  the  great  advantage  of  making  divi- 
sions susceptible  of  accurate  description  and  eliminating  all  questions 
as  to  the  proper  price  applicable  to  any  colliery.  It  generally  puts 
together  mines  having  the  same  conditions  and  normally  compet- 
ing, avoids  varying  prices  for  coal  of  the  same  quality  and  character, 
and  simplifies  distribution  and  marketing.  The  difficulties  in  applying 
this  method  are  greatest  in  fields  where  numerous  beds  of  varying  thick- 
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ness  and  character  are  worked,  resulting  in  considerable  variations  in 
price.  It  is  also  frequently  difficult  properly  to  classify  operations  near 
the  borders  of  adjoining  districts,  and  geographical. districts  are  hence 
necessarily  subject  to  some  adjustment  of  boundaries. 

Further,  in  designating  districts,  labor  conditions  are  necessarily 
carefully  considered.  Neither  miners  nor  operators  wish  to  have  the 
scale  of  wages  changed  in  any  mine  by  the  throwing  of  such  mine  from 
one  wage  district  to  another,  and  before  deciding  on  the  boundaries  of 
districts,  it  has  been  found  essential  to  obtain  the  wage-scale  and  the 


Fig.  2. 

boundaries  of  wage-scale  districts.  Further,  it  is  found  that  in  making 
up  the  wage-scales,  some  very  accurate  districting  has  been  done,  and 
maps  showing  these  wage  districts  are  of  great  assistance  in  the  final 
determination  of  proper  boundaries. 

It  is  the  practice  of  the  Committee  to  classify  mines  under  study, 
first  by  counties  or  fields,  and  then  to  separate  or  combine  them,  ae  the 
case  may  be,  to  obtain  districts  containing,  as  far  as  practicable,  mines 
o|>erating  under  the  same  general  conditions. 

X)iagrams  2  and  3  show  the  result  of  districting  in  an  important  terri- 
tory iffoducing  about  75,000,000  tons  of  coal  per  year.    Diagram  No.  2 
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Bhows  the  costs  for  the  entire  area,  and  the  very  wide  variations  in  cost 
due  to  different  mining  conditions  are  apparent.  Diagram  No.  3  shows 
the  costs  in  the  three  districts  finally  segregated.  These  all  permit  price 
fixing  without  giving  excessive  profit,  or  putting  the  high-cost  districts 
out  of  business,  thus  assuring  the  mining  of  the  required  tonnage  of  coal. 
It  will  be  noted  in  the  three-district  diagram  that  the  low  cost  of  No. 
1  corresponds  with  the  high  cost  of  No.  2,  and  the  low  of  No.  2  with  the 
high  of  No.  3.  If  prices  had  been  fixed  on  Diagram  No.  2,  for  the  entire 
State,  the  "bulk  line"  would  havebeen  placed  at  about  S1.90.    This  would 


have  put  the  whole  of  District  No.  1  and  36  per  cent,  of  District  No.  2,  or 
a  production  of  about  500,000  tons  per  month,  above  the  bulk  line,  giving 
these  regions  an  insufficient  margin,  and  checking  production,  if  not 
stopping  it;  at  the  same  time,  it  would  have  given  to  District  No.  3, 
producing  5,700,000  tons  per  month,  30  c.  per  ton  or  over  $1,700,000  per 
month  unnecessary  margin.  Similar  conditions  throughout  the  country 
have  been  handled  in  this  manner. 

It  will  also  be  noted  that  the  variation  between  high  and  low  costs 
increases  with  the  higher-cost  districts.  The  angle  of  slope  of  the  cost 
line  increases  from  No,  3  to  No.  1.     This  results  in  a  somewhat  greater 
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margiQ  betweeQ  the  average  cost  and  the  "bulk  line,"  which  is  logical 
and  necessary.  The  high-cost  mines,  having  greater  expenses,  need  a 
lai^r  margin  to  attain  the  same  percentage  of  proEt.  As  an  example 
of  the  diatricting  necessary  in  exceptional  cases,  Fig.  4  ia  a'  map  of  the 
districts  in  West  Virginia.  On  fixing  prices  for  these,  only  seven  different 
prices  were  found  necessary  for  13  districts. 

Price  Fixing 

The  "bulk  line"  of  the  chart,  with  the  margin  added  by  the  Fuel 
Administrator,  gives  the  necessary  realization  for  a  district,  but  it  does 


not  completely  fix  prices.  The  price  for  run-of-mine  is  usually  fixed  at 
the  realization  price,  but  where  screening  is  desirable  it  is  necessary  to 
fix  a  spread  of  price  so  that  the  operator  receives  as  much  as  1  c.  or  2  c. 
more  for  the  screened  product  than  for  run-of-mine. 

The  tonnage  of  run-of-mine,  prepared,  and  screenings  for  each  district 
is  obtained  from  the  cost  sheets;  then  the  average  division  of  the  screened 
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coal  in  percentage  is  computed  and  from  this  margins  are  determined 
which  will  permit  screening  but  not  too  greatly  stipiulate  the  practice. 
For  instance^  if  a  coal  will  produce  55  per  cent,  prepared,  and  45  per  cent, 
screenings,  an  equal  margin  above  and  below  the  run-of-mine  price 
would  be  indicated;  but  a  coal  which  would  produce  30  per  cent,  prepared 
and  70  per  cent,  screenings  would  need  a  much  larger  margin  for  prepared 
above  run-of-mine,  and  a  very  small  margin  below  for  screenings. 

If  the  "spread"  is  not  correctly  figured,  the  result  is  to  make  some 
combination  unduly  profitable,  with  the  result  that  only  that  combina- 
tion is  found  to  be  made.  In  some  instances,  run-of-mine  from  par- 
ticular collieries  shows  a  few  cents  margin  over  screened  coal,  and  these 
collieries  will  produce  run-of-mine  exclusively.  In  other  cases,  prepared 
and  screenings  are  more  profitable,  with  the  reverse  result. 

UnustuU  Sizes 

In  many  parts  of  the  country,  it  was  found  that  special  sizes  were 
customarily  made.  In  Illinois,  for  instance,  a  considerable  amount  of 
coal  is  sized,  about  in  accordance  with  anthracite  practice,  into  egg,  stove, 
nut,  pea,  and  buckwheat,  and  in  certain  States  so-called  "modified  nin-of- 
mine,"  passing  through  2,  3,  4,  5,  6,  and  8-in.  bars  is  a  standard  product. 
These  specially  prepared  and  modified  run-of-mine  sizes  cost  the  opera- 
tors something  extra,  and  will  only  be  made  if  the  prices  received  yield  a 
profit  over  the  regular  procedure.  The  Fuel  Administration  has  met 
this  condition  by  allowing  special  prices  for  specially  sized  coal,  and  for 
modified  run-of-mine  sizes,  but  all  such  prices  are  so  calculated  as  to 
allow  only  enough  profit  on  any  combination  to  permit  its  existence  and 
not  enough  to  encourage  the  forcing  of  such  size  on  consumers. 

In  price  fixing  of  this  sort,  it  is  essential  to  obtain,  from  several  in- 
dependent and  reliable  sources,  the  percentages  of  the  various  sizes 
produced  by  screening  from  each  coal  hkely  to  be  used  in  this  way,  and 
carefully  balance  the  costs,  losses,  and  percentages  of  each  size  produced, 
to  arrive  at  a  proper  price. 

It  is  also  necessary  to  evolve  methods  of  preventing  profiteering  on 
special  prices.  For  instance,  it  was  found  that  after  making  sizes  down 
to  buckwheat  from  bituminous  coal,  in  some  cases  the  fine  screenings, 
far  below  the  standard  mesh  of  the  district,  were  run  into  the  regular 
run-of-mine  and  sold  at  the  run-of-mine  price.  This  was  handled  by  an 
order  allowing  a  maximum  of  30  c.  below  screenings  price  for  any  mixture 
of  the  fine  coal  below  H-iu-  mesh  with  any  other  coal.  This  is  easy  to 
police,  as  the  mere  report  of  sizes  below  the  standard  screenin^^  mesh 
of  any  district  involves  the  report  of  special  fine  screenings  or  "carbon" 
at  the  price  30  c.  below  screenings,  and  if  such  is  not  found,  it  is  assumed 
to  be  mixed  with  commercial  sizes. 
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Margin 

The  difference  between  the  mine  costs,  arrived  at  as  above  described, 
and  the  price  is  the  "  margin."  This  is  far  from  being  the  profit,  as  many 
items  of  expense  necessarily  incurred  are  not  included  in  the  mine  price. 
Such  are:  (a)  SeUing  expense.  (6)  Improvements,  (c)  Developments 
to  increase  output,  {d)  Excess  of  capital  expenditures  over  normal 
costs,  (e)  Contracts  at  lower  than  '■Government  Prices."  (/)  Interest 
on  bonded  indebtedness.  (,g)  Income  taxes.  (A)  Excess-profit  taxes. 
(»)  Profit  on  investment. 

None  of  these  items  is  properly  included  in  "cost  of  production" 
under  normal  conditions,  but  in  a  war  situation  it  is  practically  impossible 
to  obtain  money  to  capitalize  expenditureB  for  excess  improvements,  and 
developments,  wiiich  would  normally  be  capitalized  and  properly  included 
in  the  permitted  depreciation,  particularly  as  all  such  expenditures  are 
made  at  from  two  to  three  times  their  normal  costs;  it  is  a  serious  ques- 
tion whether  the  "  margin  "  allowed  should  not  be  made  large  enough  to 
include  at  least  this  class  of  expenditures. 


Results  of  Pbicb  Fdung 

As  our  Government  has  been  forced  into  this  untried  realm  of  price 
control  by  war  conditions,  it  may  be  interesting  to  know  the  results. 
These,  in  general,  are  available  only  as  applied  to  the  latter  months  of 
1917,  before  the  labor  increase,  compensated  for  by  the  45-c.  general 
advance  in  coal  prices  above  referred  to.  Diagram  No.  5  shows  the 
average  costs,  "bulk  lines,"  and  prices  fixed  for  practically  all  districts 
in  the  country,  as  of  August  and  September,  1917,  and  covers  about  84 
per  cent,  of  the  total  output  of  bituminous  coal  for  the  period  stated. 

The  costs  for  each  district,  in  the  proportion  of  its  output  to  the  total 
tonnage  studied,  are  shown  in  full  lines;  the  "bulk  lines"  are  shown  by 
dotted  lines;  and  the  prices  fixed  are  indicated  by  dot-dash  lines.  The 
diagram  also  shows  the  weighted  average  costs,  "bulk  lines,"  and  prices 
fixed  for  the  tonnage  included,  and  effectively  disposes  of  the  widely 
circulated  aspersions  of  profiteering,  of  which  industry  has  been  so  freely 
accused  by  people  having  no  knowledge  of  the  facts  or  willfully  misrepre- 
senting them. 

The  weighted  average  margin  between  costs  and  fixed  prices  for 
practically  the  entire  bituminous  coal  production  of  the  country  is 
but  45.6  c,  and  between  the  "bulk  line,"  which  represents  the  higher- 
cost  necessary  coal,  and  the  price  fixed  by  the  Fuel  Administrator  of  but 
26  cents.  When  it  is  known  that  the  capital  invested  per  ton  of  yearly 
output  ranges  from  S2  to  nearly  $8,  and  that  the  items  above  noted, 
which  amount  to  a  considerable  sum  per  ton  mined,  must  come  out  of 
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this  very  narrow  margin,  it  is  evident  that  the  coal  business  of  the  country 
is  not  only  not  on  a  profiteering  basis,  but  is  still  on  a  very  narrow  margin 
of  profit. 

The  average  cost  of  the  84  per  cent,  of  the  total  coal  represented  for 
the  two  months  of  August  and  September,  1917,  was  reported  to  be 
$1,696.  The  adjustments  heretofore  described  raised  this  reported 
cost  to  $1,706,  a  very  strong  endorsement  of  the  honesty  of  the  reports 
made  by  the  operators. 


Fia  6. 


The  average  "bulk  line"  was  fixed  at  $1,902,  or  19.6  c.  above  the 
average  adjusted  cost.  This  represents  the  margin  required  to  assure  the 
mining  of  the  necessary  coal,  as  compared  with  the  average  cost,  which, 
of  course,  involves  the  mining  of  only  coal  up  to  or  below  the  average 
cost;  in  other  words,  half  the  available  output. 

The  weighted  average  of  all  prices  fixed  is  $2,162  per  ton  and  the 
average  margin  above  the  "bulk  line"  is  26  c,  representing  a]l 
the  above  mentioned  charges  and  all  profit  for  the  higher-cost  neces- 
sary mines;  the  margin  above  the  average  weighted  cost  for  the  whole 
country  is  45.6  c.  per  ton,  which,  compared  with  profits  in  other 
businesses,  certainly  does  not  show  any  signs  of  profiteering  in  the  coal 
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business  as  a  whole.  The  prices  fixed  are  also  sufficient,  on  the  basis  of 
the  reported  costs,  to  permit  the  mining  of  98.4  per  cent,  of  all  available 
coal,  without  loss. 

The  prices  fixed  from  this  complete  investigation  of  costs  have  shown, 
in  many  cases,  a  remarkable  compliance  with  economic  laws.  For 
instance,  in  Illinois  the  cost  of  coal  from  the  different  price  districts, 
delivered  in  Chicago,  is  found  to  be  practically  identical,  showing  that 
the  mining  of  the  higher-cost  coal  is  due  to  its  proximity  to  the  principal 
market  and  the  tower  resulting  transportation  costs.  High-grade  coal 
shipped  by  lake  and  roil  to  Minneapolis  was  found  to  cost  precisely  the 
same  per  heat  unit  as  a  lower-grade  coal  shipped  a  much  less  distance 
all  rail. 

Special  Pricea 

The  price  fixing  program  adopted  is  expected  to  take  care  of  all 
normal  mining  conditions  and  to  permit  the  operation,  with  a  reason- 
able profit,  of  all  mines  necessary  to  the  country  under  war  conditions. 
There  are  cases,  however,  of  old  established  mines  which  are  producing 
coal  of  a  quality  specially  suited  to  certain  processes  or  requirements, 
which  coal,  while  produced  at  a  cost  materially  above  the  regional 
"bulk  line/'  is  necessary  and  has  always  commanded  a  special  price. 
Id  these  cases,  a  higher  price,  sufficient  to  permit  operation,  is  usually 
granted.  Also,  in  some  cases,  groups  of  small  mines,  not  required  to 
report,  are  found  to  be  serving  certain  communities  at  prices  below  other 
coal  available,  considering  the  transportation  charges,  but  with  costs 
above   the   regional   "bulk   line."     These   also   receive  special   prices. 

In  general,  it  is  the  policy  of  the  Fuel  Administration  to  encourage 
the  operators  to  produce  all  coal  needed  and  to  place  restrictions  only 
on  coal  mined  under  conditions  notably  uneconomic. 

Effect  of  Short  Time 

While  it  is  a  syllogism  in  mining  regions  that  "short  time  means  in- 
creased costs,"  but  Uttle  actual  information  as  to  the  quantitative 
effect  of  lost  time  on  the  cost  of  coal  mining  is  available.  In  the  discus- 
sion as  to  the  advantages  or  disadvantages  of  an  even  car  supply  to  all 
ruines,  as  compared  with  100  per  cent,  supply  to  some  and  the  remainder 
to  the  others,  it  devolved  upon  the  Committee  to  determine,  at  least 
approximately,  the  effect  of  lost  time  on  the  cost  of  mining. 

Fortunately,  reports  were  available  from  73  operators  in  the  New 
River  District  of  West  Virginia,  which  had  been  made  out  and  submitted 
by  an  eminent  firm  of  expert  accountants  for  each  month  of  the  year 
1917.    Each  of  these  was  carefully  analyzed,  and  the  percentage  ia- 
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crease  of  cost  for  each  of  the  830  observations  thus  obtained  was  platted; 
weighted  averages  were  then  taken  at  each  2.5  per  cent,  from  70  to  100  per 
cent,  worlcing  time,  and  for  each  5  per  cent,  below  80  per  cent.  The  re- 
sult of  this  study  is  submitted  on  diagram  No.  6  which  has  been  checked 
by  numerous  observations  from  practically  every  field,  and  has  been 
found,  within  reasonable  limits,  to  be  correct.  This  diagram  can  be  and 
has  been  used  in  reducing  to  normal  cost  the  reported  costs  of  collieries 
shut  down  during  parts  of  months. 


Anthracite  Pbices 

Anthracite  prices  were  fixed  by  the  President  on  Aug,  23,  1917,  and 
have  not  since  been  revised.  The  matter  is  now  a  subject  of  intensive 
study,  and  it  is  expected  that  after  sufficient  data  have  been  accumulated 
a  revision  and  scientific  price  fixing  will  be  attempted. 

The  problem  of  anthracite  price  fixing  presents  all  the  difficulties  en- 
countered in  the  bituminous  fields,  complicated  beyond  measure  by  the 
varying  percentages  of  sizes  produced  by  different  mines  in  the  same  re- 
gion, and  the  still  more  widely  varying  percentage  of  sizes  produced  by 
the  different  regions. 
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CONCLCSION 

It  should  be  generally  known  that  the  United  States  Fuel  Adminis- 
tration exists  only  for  war  conditions.  It  expires  by  Umitation  of  the 
Lever  Act. 

The  Administration  is  endeavoring  most  earnestly  to  give  both  to 
the  miners  and  to  the  consuming  pubhc  a  fair  deal  and  no  favor.  It  has 
accomplished  incredible  results  in  conservation  of  fuel  and  stimulation 
of  output,  but  such  results  have  only  been  possible  by  the  earnest, 
whole  hearted,  anii  patriotic  support  freely  given  by  operators,  miners, 
and  by  the  consuming  public. 
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1,  Introduction 

Silica  brick  are  indispensable  in  the  manufacture  of  steel  because  they 
alone  are  able  to  withstand  the  high  temperature  of  regenerative  furnaces. 
All  attempts  to  replace  siUca  brick  by  other  refractory  materials  for  this 

'This  paper  was  submitted  to  us  in  manuscript  foim  by  M.  Lc  Cliatelter,  who 
called  our  attention  t«  the  fact  that  it  had  already  been  published  in  the  Bulletin  de 
la  SodUi  de  rinduatrU  Minirale^  3d  livraison  de  1917,  page  49.  On  account  of  this 
previous  publication,  it  has  not  seemed  necessary  to  reproduce  the  paper  in  our 
rrotwadtMM  in  the  form  of  a  literal  translation,  and  the  editor  has  therefore  not 
allempted  to  conform  exactly  to  the  language  of  M.  Le  Chatelier,  The  importance 
ot  ailica  brick  in  the"  American  steel  industry  and  the  eminence  of  M.  Le  Chatelier 
in  this  field,  together  give  ample  justification  for  the  reproduction  of  this  paper  in  the 
English  langtiage. 
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purpose  have  failed,  but  the  reason  for  this  failure  has  remained  obscure; 
we  shall  give  ao  explanation  later  in  this  paper. 

Before  the  war,  silica  brick  employed  in  France  came  principally  from 
abroad,  for  which  reason,  since  the  beginning  of  hostilities,  certain  French 
steel  works  have  been  seriously  handicapped.  Our  attention  was  first 
directed  to  the  question  by  M.  Bied,  Engineer  of  the  Teil  Works.  With 
him,  we  began  certain  investigations,  at  first  using  our  laboratory  and 
the  furnaces  of  neighboring  steel  works.  The  larger  part  of  our  experi- 
ments, however,  have  been  made  in  the  laboratory  of  the  Faculty  of 
Sciences  at  the  Sorbonne.  For  the  heating  of  our  samples,  we  are  deeply 
obliged  to  MM.  Charpy,  Yeatmann  and  Gu^rineau.  In  undertaking 
these  studies,  our  first  aim  has  been  to  render  assistance  \o  French 
industry,  by  indicating,  as  precisely  as  possible,  the  necessary  conditions 
for  the  manufacture  of  high-grade  brick;  but  at  the  same  time  we  have 
intended  to  give  an  example  of  the  manner  in  which  scientific  methods 
may  be  put  to  practical  appUcation  in  the  solution  of  industrial  problems. 
Although  our  work  has  been  confined  to  samples  of  only  a  few  grams,  we 
are  nevertheless  convinced  that  our  information  can  be  directly  utilized 
by  brick  works  of  which  the  output  is  measured  in  thousands  of  tons 

2.  Methods  of  Investigation 

As  to  what  are  the  most  important  and  necessary  qualities  of  silica 
brick,  if  one  were  to  ask  the  steel  metallurgists  they  would  almost 
unanimously  reply  that  there  was  only  one,  namely,  that  the  brick 
should  permit  the  greatest  possible  number  of  runs  without  necessity 
for  repairing  the  furnace  roofs;  they  might  suggest  400  runs  as  a  satis- 
factory figure.  Durability,  however,  is  not  the  only  factor.  The  brick 
have  to  be  transported  from  the  factory  to  the  steel  works  without  being 
injured  by  the  jar  or  by  freezing;  many  otherwise  satisfactory  bricks  will 
not  satisfy  this  last  condition.  It  is  further  necessary  that  the  brick 
shall  not  be  too  expensive,  in  order  not  to  add  unnecessarily  to  the  price 
of  the  manufactured  steel.  The  fundamental  requirements,  therefore, 
are  the  following:  (1)  durability  of  the  furnace;  (2)  durability  in  trans- 
port; (3)  moderate  price. 

Destruction  of  Furnace  Roofs 

Considering  first  the  subject  of  durability  of  furnaces,  the  processes  by 
which  furnace  roofs  are  destroyed  can  be  answered  by  the  direct  observa- 
tion of  those  in  charge  of  furnaces.  Our  inquiries  along  this  line  did  not 
meet  with  great  success;  only  two  steel  works,  the  Ruelle  Foundry,  and 
the  Chaussade  Works,  have  been  able  to  give  us  precise  information, 
but  unfortunately  contradictory.  One  of  these  works  has  assured  us 
that  the  roofs  of  Martin  furnaces  are  almost  invariably  destroyed  by 


ifl  by  Google 


H.   LB  CHATBLIBH  AND  B.  BOOITCH  1437 

progressive  decrepitation  under  .the  action  of  heat.  The  other  works,  on 
the  contrary,  has  assured  us  that  similar  furnaces  are  destroyed  almost 
exclusively  by  melting.  The  brick  manufacturers,  on  the  other  hand, 
have  given  us  still  a  third  reason,  the  ignorance  or  uegligeDce  of  those  in 
charge  of  the  construction  and  operation  of  the  furnaces.  The  engineer 
may  have  designed  the  profile  of  the  furnace  badly,  not  placing  his  burners 
in  the  most  desirable  place,  or  applying  the  first  heat  of  the  furnace  too 
abruptly.  The  builder  may  have  erred  in  shaping  tug  bricks  carelessly 
and  laying  them  irregularly,  so  as  to  produce  local  pressure  sufficient  to 
occasion  rupture.  Above  all,  the  heat  may  melt  the  roof  of  the  best 
furnace,  sometimes  in  a  few  hours,  if  the  gas  is  badly  regulated  or  if 
the  reversals  of  flame  are  at  too  long  intervals.  From  the  discussion 
of  this  contradictory  information  and  from  suggestions  found  in  different 
foreign  publications  we  have  arrived  at  the  provisional  conclusion  that 
the  destruction  of  the  roofs  of  steel  furnaces  may  arise  from  five  possible 
different  causes,  ranking  in  the  following  order  of  diminishing  importance: 

1.  Superficial  spalling  of  the  brick  under  the  influence  of  the  highest 
temperatures  developed  in  the  furnace.  This  phenomenon  is  often  no- 
ticed in  the  form  of  a  continuous  rain  of  little  fragments,  the  falling  of 
which  may,  after  a  few  days,  lead  to  the  entire  disappearance  of  the  brick. 
This  source  of  destruction  depends  upon  two  properties  of  the  brick: 
Expansion  of  sihca  under  high  temperatures,  and  lack  of  mechanical 
strength  at  high  temperature. 

2.  Superficial  melting  of  the  brick.  Brick  always  melts  superficially 
and  continuously  under  the  action  of  the  spattering  slag;  this  normal 
destruction  of  brick  may  continue  for  several  months  before  leading 
to  an  actual  cavity  in  the  roof.  Often,  however,  the  brick  will  melt  all 
at  once  for  a  considerable  width,  several  centimeters  at  a  time,  by  which 
means  the  normal  destruction  of  the  brick  may  be  multiplied  by  10  or 
more.  This  phenomenon  depends  upon  the  fusibiUty  of  the  brick  itself 
and  upon  its  permeability,  which  facilitates  the  absorption  of  slag. 

3.  Flaking  or  shelling  of  the  brick  in  the  less  intensely  heated  region. 
This  begins  to  occur  during  the  warming  of  the  masonry,  and  below  red 
temperature,  and  continues  in  the  more  remote  parts  after  the  furnace 
OS  a  whole  is  considerably  hotter.  The  brick,  thus  fractured,  may  then 
become  detached  and  fall  from  the  roof.  This  phenomenon  is  caused 
by  the  excessive  dilation  which  is  shown  by  all  crystalline  silicas  at  their 
temperatures  of  reversible  transformation.  Quartzose  rocks  decrepitate 
at  a  temperature  of  about  570°;  cristobalite,  around  230°,  undergoes  an 
abrupt  change  in  dimensions,  of  very  important  character;  tridymite, 
finally,  at  about  150°  undergoes  a  change  of  slight  importance.  This 
tendency  to  rupture  is  offset  by  mechanical  resistance  of  the  brick  and 
by  its  structure,  that  is  to  say,  by  the  size  of  its  grain  and  its  amount  of 
porofidty, 
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4.  Dislocation  of  the  roof  by  excessive  expaDsion.  In  furnaces  made 
of  silica  brick,  the  roof  always  rises  more  or  less  when  the  furnace  is  first 
put  into  operation;  this  rising  often  becomes  excessive  and  very  irregular 
from  point  to  point,  which  then  leads  to  the  falling  in  of  the  roof.  This 
dislocation  results,  the  same  as  spalling,  from  expansion  of  silica.  If  the 
brick  is  sufficiently  resistant,  and  is  heated  over  a  considerable  width  all 
at  once,  it  does  not  spall  but  causes  the  roof  to  rise. 

5.  Collapse  of  the  roof.  The  frequency  of  this  accident  with  clay, 
magnesia,  and  alumina  brick,  makes  it  impoeeible  to  use  these  materiab 
for  the  construction  of  the  roofs  of  furnaces  intended  to  maintain  very 
high  temperatures.  Collapse  will  also  occur,  but  very  rarely,  in  furnaces 
made  of  silica  brick.  Collapsing  results  from  the  softening  that  precedes 
fusion  and  therefore  depends  upon  the  same  factors  as  fusibility.  It  is 
very  rare  in  silica  brick,  being  counterbalanced  by  the  expansion  of  the 
quartz  resulting  from  its  transformation  into  silica  of  low  density. 

The  reasons  for  the  destruction  of  furnace  roofs,  and  the  properties 
of  the  brick  upon  which  these  depend,  can  now  be  tabulated  as  follows: 


Ciiun  of  DeatructioD 

.1.  Spaliing 

2.  Fusion 

3.  Flaking  or  shelling 

4.  Dislocation  of  the  roof 

5.  Collapse 


PropertiM  ot  Brick 

1.  Fusibility 

2.  CompresBive  streng;th  at  high  temperatures 

3.  Penneability 

4.  Expansion 

5.  Dilation 

6.  CompressivB   strength   at   ordinarj'   tem- 

peratures. 

It  would  be  hazardous  to  assert  that  this  list  is  absolutely  complete, 
but  if  any  phenomenon  has  been  omitted  it  is  for  the  engineers  of  steel 
works  to  inform  us. 

3.  The  Tridymite  Network 

It  is  well  known  that  silica  exists  under  five  different  allotropic  forms, 
as  shown  in  Table  1. 


Table  1. 

—AUotropic  Forms  of  Silica 

D.n«ly 

.JS^.. 

P«C«it. 

Quartz 

Criatobalite     . 

2.65 
2.34 
2.27 
2.58 

2.22 

570 
225 
150 
570 

0.25 

Tridymite 

Chalcedony... 
GUss 

0.10 
0,10 

Quartz  is  the  universal  raw  material  for  the  manufacture  of  silica 
brick.    Deposits  of  quartz  can  be  grouped  into  four  distinct  classes; 
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(1)  Quartzveins,  consisting  of  large  crystals  adjoiningone  another,  forming 
translucent  or  opalescent  white  masses.     (2)  Quartzite  (Fig.  3,  4,  5, 


Fia.  1.  Fio.  2. 

Fio.  1. — Carbonaceous  sandstone   from   Sheppield;    oanisteb,    used  por 

THE     UANUFACTURB     of     silica     brick.       DISSEMINATION     OF     MICA    BETWEEN    TBE 
QUARTZ  GRAINS.       NATURAL  UOBT;  MAGNIFICATION,    X   136. 

Fia.  2. — Same  sample  ab  Fia.  1,  under  polarized  light. 

and  6),  metamorphic  rock  in  which  the  grains  of  quartz  are  so  strongly 
cemented  together  that  upon  breaking  the  rock  the  fractures  traverse 


Fia.  3.  Fig.  4. 

Fio.  3. — Souvignt    quartzite,  with    dull    FRAcrtrHE.     Material 
QUAiiTT.     Polarized  light;  magnj  -  — 

Fio.  4. — Sodviont     quabtiitb, 
second  qualitt.     chalcedony 
D  liqbt; 


the  grains  of  quartz  rather  than  their  boundaries.     Quartzite  contains 
impurities  in  variable  proportion,  sometimes  lodged  between  the  grains, 
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like  mica,  sometimes  included  in  the  quartz  crystals  themselvesj  as  oxide 
of  iron,  for  example.  (3)  Sandstone  (Fig.  1  and  2) ,  the  grains  of  which  are 
combined  by  a  cement  having  but  little  resistance,  in  which  fracture 
occurs  by  the  separation  of  the  grains,  giving  a  dull  luster  to  the  fractured 
surface.  (4)  Sand,  the  grains  of  which  are  separated.  The  purity  of  sand 
is  very  variable;  that  of  Fontainebleau  analyses  99.5  per  cent,  silica; 
after  this  come  the  yellow  argillaceous  sands,  and  finally  sandy  clays. 
An  important  character  of  sand  is  the  uniformity  in  size  and  shape  of 
its  grains,  which  are  objectionable  features  for  the  manufacture  of  brick. 
Most  factories  employ  quartzite  containing  not  more  than  3  per  cent, 
of  basic  oxides,  and  mix  with  it  2  per  cent,  of  lime.     The  crushing  of  the 


Fia.  5.  Rq.  6. 

FlO.    5. QUARTZITE    CONTAINING    CBALCEDONT.    ThIB    DISINTEORATGS    ON    FIRINa 

AND  CANNOT  BE  UBED  FOR  THE  MANUFACTURE  OF  SILICA  BBICK.  PoLAKIZED  LIGHT: 
MAQNIPICATION,    X   136. 

PlO,  6. — QUARTZITE  WITH  SBFORMBD  GRAINS,  CEMENTED  BY  OPAI.  OR  CHAI/- 
OEDONT.  UnDESIBABLE  FOR  THE  MANUFACTURE  OF  SIUCA  BRICK.  PoLARIZBD 
light;  MAONIFICATION,    X   136. 

rock  is  conducted  in  such  manner  as  to  preserve  a  number  of  large  grains, 
having  a  maximum  size  of  between  5  and  10  mm.  The  firing  is  performed 
at  a  high  temperature,  much  above  that  employed  in  the  manufacture 
of  clay  brick,  and  is  maintained  for  a  much  longer  period.  This  tem- 
perature may  vary  from  1350°  to  1450°  according  to  the  nature  of  the 
quartz  and  the  ease  of  its  transformation. 

Firing  progressively  reduces  the  density  of  the  silica;  quartz  trans- 
forms first  into  cristobalite  and  finally  into  tridymite,  as  one  of  us  has 
shown  25  years  ago.  These  are  the  basic  facts  upon  which  our  researches 
were  conducted. 

Compressive  Strength  of  Refractory  Products 
Before  attacking  the  problem  of  the  manufacture  of  silica  brick,  we 
have  sought  to  answer  an  allied  problem:  Is  it  possible  to  find  certain 
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measurable  properties  of  refractory  products  which  will  explain  the 
superiority  of  silica  over  clay,  alumina,  and  m^neeia?  An  exact 
knowledge  of  the  reason  for  the  superiority  of  silica  brick  would  certainly 
be  a  valuable  guide  to  determine  what  properties  are  the  most  important 
to  develop  in  the  manufacture  of  refractory  materials.  One  difficulty  in 
explaining  the  superiority  of  silica  brick  has  been  that  in  previous  ex- 
periments it  has  been  noted  that  the  melting  point  of  silica  brick  was 
not  higher  than  that  of  other  refractory  products.  Kaolinite  melts  at 
1800°,  the  same  as  silica;  alumina  and  magnesia  melt  at  much  higher 
temperatures.  These  latter  materials  should,  therefore,  afford  brick 
at  least  as  good  and  perhaps  better  than  quartz.  Instead  of  determining 
simply  the  melting  point,  as  has  often  been  done  before,  that  is  to  say, 
the  temperature  at  which  the  material  yields  under  a  pressure  of  only  a 
few  grams  per  centimeter,  we  decided  to  measure  the  compressive  re- 
sistance of  these  materials  throughout  the  whole  field  of  temperature. 

The  experiments  were  made  in  a  small  furnace,  heated  by  a  blast  of 
illuminating  gas.  The  furnace,  having  an  interior  capacity  of  500  c.c, 
gave  a  temperature  of  1600°  at  the  end  of  half  an  hour,  with  a  gas  con- 
sumption of  3  cu.m.  per  hour.  The  walls  of  the  furnace  were  made  of 
Gorindite  (melted  bauxite)  cemented  with  a  little  sodium  silicate; 
this  material  seemed  to  resist  the  action  of  heat  indefinitely  provided 
it  was  not  required  to  support  any  load.  The  samples  to  be  tested  were 
in  the  form  of  little  cubes,  1  cm.  on  a  side,  cut  out  of  the  bricks  to  be 
studied.  Pressure  was  transmitted  to  them  through  a  bauxite  cylinder 
previously  heated  to  a  temperature  of  1600°,  penetrating  the  roof  of  the 
furnace.  The  temperature  was  measured  by  a  thermo-electric  couple 
attached  to  the  sample.    The  results  were  as  shown  in  Table  2. 


Table  2.— Crushing  Strength  of  Bricks  at  Different  Tempera 
(Pressures  in  kg.  per  sq.  cm.;  temperatures  in  °  C.) 

ures 

16- 

600-          1000- 

75 
90 
270 

68 

1400°         1600° 

1000° 

aUca  (Star  brand) 

Kaolin   ...     . 

170 
190 
420 
145 

150    1     120 
180         210 
380         320 
130           85 

60          48 

(12)          (1) 
240    '    (185) 
C5)     1     (3) 

30 

Euboean  m^neda 

Styrian  magnesia 

(8) 
(1) 

It  b  thus  apparent  that  at  1600°,  which  is  still  100°  below  the  tem- 
perature of  the  Siemens-Martin  furnace,  silica  brick  has  a  compressive 
strength  very  much  higher  than  that  of  the  other  refractory  products. 
Furthermore,  a  factor  which  is  of  no  less  importance,  the  silica  brick 
broke  abruptly  at  all  temperatures;  they  did  not  register  any  progressive 
deformation  before  rupture.  With  clay  and  magnesia  brick,  on  the  other 
hand,  the  observations  were  entirely  different.    At  temperatures  below 
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1000°  they  broke  abruptly  like  rigid  bodies,  but  at  higher  temperatures, 
above  a  limit  varying  according  to  the  purity  of  the  material,  the  brick 
yielded  little  by  little,  like  plastic  matter.  If,  instead  of  making  these 
oeste  in  about  one  minute's  time,  as  in  our  investigations,  the  application 
tf  the  force  had  been  prolonged  for  1,000,000  times  longer,  as  occurs  in 
the  roofs  of  furnaces,  the  brick  would  have  yielded  under  pressures 
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Plate  I. — Variation  in  the  crcshino  btrenoth  of  befractory 

DIFFERENT  TEUPBRATURES. 

SO  small  as  to  be  practically  negligible,  having  somewhat  the  character 
of  rosin  'at  ordinary  temperature.  In  order  to  rupture  such  materials 
abruptly,  an  impact  is  necessary;  left  to  themselves,  they  yield  under 
their  own  weight  and  spread  out  level  like  a  liquid. 

The  transformation  from  complete  solidity  to  complete  viscosity  is 
obviously  progressive.  Within  a  certain  range  of  temperature,  an  initial 
deformation  is  followed  by  a  true  rupture.  Complete  viscosity  is 
definitely  attained  above  the  following  temperatures: 
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SiUca  brick 1700° 

Euboe&n  mogneus 1500° 

Styrian  magneaia 1300° 

Kaolin  brick 1300° 

Ordinary  refractory  brick 1200° 

It  is  very  easy,  in  the  test,  to  distinguish  between  these  two  methods 
of  rupture.  In  the  case  of  complete  solidity,  the  sample  breaks  abruptly 
and  the  whole  compression  apparatus  comes  together  with  a  jar.  In 
the  case  of  viscosity,  the  beam  of  the  pressure  machine  falls  progressively 
and  continuously.  The  sample  is  first  compressed  upon  itself,  by  the 
closing  of  its  spaces,  then  it  expands  in  the  form  of  a  barrel,  then  bursts  on 
its  periphery,  and  finishes  by  breaking  or  not,  according  to  its  solidity. 
In  the  intermediate  stage  between  solidity  and  complete  viscosity,  the 
two  methods  of  deformation  can  be  successively  observed.  The  sample 
first  yields  progressively,  then  breaks  more  or  less  abruptly,  throwing 
out  fn^ments.  The  remaining  mass  has  no  further  solidity;  on  the  con- 
trary, the  fragments  thrown  out  by  the  bursting  of  completely  viscous 
material  resume  their  original  solidity  after  cooling. 

Recryslallizalum  of  Silica 

This  ability  of  silica  brick  to  preserve  their  rigidity  at  the  very  highest 
temperatures  explains  their  superiority  for  furnace  manufacture.  As 
a  means  of  reducing  this  factor  to  its  simplest  terms,  we  began  with  an  ex- 
amination, under  [wlarized  tight,  of  thin  sections  cut  from  bricks  of 
good  quality,  one  marked  "American  Star"  and  the  other  marked  "Im- 
phy, "  these  being  the  two  bricks  which  showed  the  highest  compressive 
resistance  at  1600°,  namely  30  and  40  kg.  persq.  cm.  They  were  com- 
posed of  large,  easily  recognizable  grains  of  the  original  siliceous  rock, 
completely  transformed  into  cristobalite  and  surrounded  by  a  magma 
formed  of  little  elongated  crystals  of  tridymite  (Fig.  7).  The  rigidity 
of  the  brick  is  evidently  due  to  the  crystallization  of  tridymite,  which 
forms  a  continuous  network,  in  the  meshes  of  which  the  fusible  silicates 
are  lodged.  The  presence  of  these  latter  materials  does  not  detract 
from  the  solidity  of  the  mass  any  more  than  water  in  the  cells  of  pumice 
stone  would  diminish  its  strength;  in  both  cases  the  solid  network  is 
unbroken. 

Id  magnesia  brick,  on  the  contrary,  and  also  in  clay  brick,  at  least 
in  those  manufactured  under  ordinary  conditions,  this  recrystallization 
does  not  occur.  The  dightly  fusible  material,  magnesia,  forms  isolated 
grains  which  are  surrounded,  at  ordinary  temperatures,  by  a  magma  of 
very  solid  silicates;  the  latter,  however,  melt  at  around  1300°,  if  ferru- 
ginous, or  at  about  1500°  if  purely  magnesian.  Above  these  temperatures, 
therefore,  the  solid  grains  swim  in  a  melted  mass  and  can  slide  on  one  an- 
other; the  more  fiuid  the  magma,  the  more  readily  they  slid^. 

,-,;e,.,  Google 
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The  formation  of  this  continuous  network  of  silica  is  exactly  parallel 
to  the  phenomenon  observed  ill  the  hardening  of  cement,  A  mixture 
originally  consisting  of  isolated  grains,  when  tempered  with  water,  is 
progressively  transformed  by  chemical  reaction  into  a  coherent  mass. 
In  the  same  manner,  the  isolated  grains  of  quartz  in  a  brick  become  set  on 
contact  with  melted  silicates,  which  operate  as  solvent. 

Quartz  is  unstable  at  temperatures  above  800°,  but  owing  to  its  re- 
markable passive  resistance,  it  is  able  to  remain  for  a  long  time  in  that 
condition  at  very  high  temperatures,  even  up  to  1600°,  If  it  is  then  brought 
into  contact  with  a  solvent,  melted  silicates  for  example,  it  dissolves 
in  that  with  a  readiness  very  much  greater  than  that  of  the  more  stable 
forms  of  silica,  cristobalite  and  tridymite.     This  is  due  to  the  unanswer- 


Fia.  7,  Fig.  8. 

THE    4CART2     GRAINS,    WHICH     ARE     ALMOST     COMPLETELY    TRANSFORMED     INTO    CRIS- 

TOBAUTE.     Polarized  liqbt;  magnification,  X  136. 

FlQ.    8. AaSAILLT    BRICK,    RBMAININQ    FOR    A    YEAR    IN  ONE   OF  THE   FLUES   OF  A 

uiTE,     WITH    CHARACTERtBTic    iKCLUBioiffi.     Polarized    lioht;    maonification, 


able  and  thoroughly  established  laws  of  physical  chemistry.  The  quartz 
thus  gives  rise  to  supersaturated  solution,  from  which  one  of  the  more 
stable  varieties  soon  begins  to  crystallize.  The  melted  mass,  now  being 
no  longer  saturated  with  respect  to  quartz,  is  able  to  dissolve  additional 
quantities  of  it.  Gradually,  therefore,  the  entire  amount  of  quartz 
recrystallizes  into  the  variety  that  is  most  stable  at  high  temperatures, 
tridymite.  In  practice,  if  the  firing  of  silica  brick  has  not  been  sufficiently 
long,  the  proportion  of  cristobalite,  and  sometimes  even  of  quartz,  is 
greater  than  that  of  tridymite  in  the  finished  product,  if  of  poor  grade. 
Burning  for  almost  a  month  at  the  highest  temperature  of  the  steel  fur- 
nace is  necessary  to  transform  silica  completely  into  tridymite.     The 
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crystals  of  tridymite  thus  formed  by  solution  attach  themselves  to  one 
another,  as  is  always  the  case  under  similar  conditions,  and  form  the  net- 
work above  mentioned. 

Qiudily  of  the  Brick 

This  explanation  for  the  superiority  of  silica  brick  gave  rise  to  the 
question  whether  variations  in  quality  were  not  exactly  parallel  to  the 
compressive  strength  at  high  temperatures.  To  settle  this  question, 
we  requested,  from  different  steel  works,  samples  of  brick  which  had  been 
used  for  the  construction  of  furnaces,  as  to  the  relative  quality  of  which 


FiQ.  9.  Fig.  10. 

Fia.    9. TfUDYUITE   CRVBTAI^   SURBODNDED    BY    A   SOLUTION    OP  MAflUA.       BrICK 

OBTAINED  ON  DIBUANTLINO  THE  ROOF  OF  A  UARTIK  FURNACE.       CoLUUNAR  CRYSTALS 
AMD     BECTIUNBAR     CLEAVAGES     CHAttACTBRIBTIC     OF    TRIDYMITB.       NaTURAI,     LIGHT; 

haonification,  x  136. 

Fig.    10. — Cribtobalite    crtbtalb    submekoed     in    a   tranbpabbnt    olabs. 
Material   derived   fbou   rglinino   of  a  Bessemer  converter  at  Sheffield. 

CtHCTTLAR        cleavages       CHARACTERISTIC       OF       CRISTOBALtTE.        NATURAL        LIGHT; 
UAQKIFICATION,    X  136. 


they  were  able  to  advise  us.  The  Ruelle  and  the  Gu6rigny  Works  sent 
us  well  classified  series  of  samples  upon  which  we  made  tests  giving  the 
results  shown  in  Table  3.  The  tests  on  compressive  strength  at  high 
temperatures  were  made,  with  some  samples  as  soon  as  1600°  had  been 
reached,  while  with  other  samples  only  after  they  had  been  maintained 
at  this  temperature  for  one  hour.  We  realized  that  these  two  methods  of 
proceeding  might  give  different  results  in  some  cases.  At  the  same  time, 
we  made  determinations  of  a  number  of  other  physical  properties,  such 
as  absolute  density,  apparent  density,  weight  of  sulphate  corresponding 
to  basic  oxides  present,  and  finally  compressive  resistance  at  ordinary 
temperatures. 
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Table  3. — Features  of  Certain  Silica  Bricks 


■  Very  good 
.  Veiy  Rood 
.  Very  good 


Star 

Very  good 

GI 

Very  good 

R.B 

Very  good 

R.L. . . 

RL 

Good 

G.A 

Good 

D.     . 

Very  bad 

R.F....; 

R.F 

Very  good 

G.A.2 ,. 

G.A.2 

Very  bad 

G.M 

G.M.. 

Medium 

GM 

R.L 

R.L 

Bad 
Shatters 

R.S.G 

R.S.G 

R.S.G 

Dad 

(melted) 

The  first  brick,  Asaailly,  had  remained  a  year  in  the  lining  of  the  out- 
let from  a  gas  producer.  The  next  two  bricks,  American  Star,  and  G.  I., 
of  French  manufacture,  were  recommended  to  us  as  of  particularly  good 
quality.  The  last  brick  in  the  Table,  RSG,  it  has  not  been  possibleto  use, 
a  roof  constructed  with  these  bricks  havinft  melted  on  the  first  application 
of  heat.  The  other  bricks  were  of  French,  English,  and  German 
manufacture. 

All  of  the  good  bricks,  after  being  held  at  1600°  for  one  hour,  showed 
a  compressive  strength  greater  than  10  kg,  per  sq.  era,;  most  of  the  good 
bricks  oxcwdod  20  kg.,  while  the  poor  bricks  were  below  5  kg.  It  seems 
evident,  therefore,  that  rigidity  at  high  temperatures  ia  the  mosC  essential 
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if  not  the  only  important  quality  of  silica  brick.  Most  of  the  good  bricks 
have  densities  below  2.40,  the  very  good  ooes  being  as  low  as  2.33. 
The  amount  of  sulphate  in  good  bricks  is  below  15  per  cent. 

4.  Independent  Variables 

Table  4  enumerates  the  essential  properties  of  silica  brick,  together 
with  the  elementary  factors  to  which  they  are  more  or  less  directly 
related: 

Table  4 

Fropertiea  of  Brick  Elementary  Futon 

1.  Fusibilitjr  1.  Nature  of  qu&rts 

2.  CompreBwve  etrength  at  high  tern-  2.  Site  of  particles 

perature  3.  Nature  of  fluxes 

3.  Permeability  4,  Proportion  of  fluxes 

4.  ExpansioD  5.  Thoraughnees  of  mixing 

5.  Dilation  6.  Tempering  water 

6.  Compresaive  atrengtb    at    ordinary    7.  Pressure  of  molding 

temperature  8.  Temperature  of  heating 

9.  Duration  of  heating 

Fusibility 

Fusibility  depends,  in  the  first  place,  upon  the  presence  of  basic  oxides 
mixed  with  the  quartz.  Secondly,  which  may  appear  somewhat  para- 
doxical, fusibility  depends  upon  the  conditions  of  manufacture;  certain 
foreign  manufacturers  go  so  far  as  to  assert  that  fusibility  depends  much 
more  on  the  texture  of  the  brick  and  their  manner  of  firing  than  on  their 
chemical  composition. 

The  quartz  employed  for  silica  brick  is  almost  never  pure,  generally 
containing  mica;  furthermore,  the  crushing  of  the  quartz  always  intro- 
duces a  certain  proportion  of  iron.  The  average  composition  of  silica, 
crushed  and  ready  for  use,  is  as  follows:  Alumina,  1.5;  oxide  of  iron, 
1.0;  magnesia  and  alkalies,  0.5;siUca,  97  per  cent.  As  a  binder,  lime  to  the 
extent  of  2  per  cent,  is  always  added,  thus  making  a  total  of  5  per  cent, 
of  basic  oxides.  If  this  is  computed  to  the  condition  of  sulphate,  after 
attack  by  hydrofluoric  acid,  it  represents  a  total  of  12  per  cent,  of  sul- 
phate; bricks  containing  above  15  per  cent,  of  sulphate  are  useless  for 
steel  furnaces,  and,  in  general,  good  bricks  should  not  contain  more  than 
the  equivalent  of  10  per  cent,  sulphate. 

The  influence  of  the  different  basic  oxides  on  increase  of  fusibility 
should  not  be  exactly  aUke,  but  on  this  point  our  studies  have  not  been 
conclusive.  Oxide  of  iron  seems  to  have  the  least  influence,  since  sih- 
cates  of  iron  are  decomposed  at  high  temperatures;  alumina  comes  next, 
then  Ume,  and  finally  alkali,  the  action  of  which,  even  in  a  small  propor- 
tion, appears  to  be  very  energetic. 
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The  effect  of  the  method  of  manufacture  upon  the  fusibility  of  the 
brick  is  unquestionable.  Bricks  having  a  perfectly  normal  chemical 
composition  are  often  found  to  fuse  at  the  temperature  of  steel  furnaces, 
giving  rise  to  a  granular  mass  in  which  the  large  grains  of  silica  are  mobile. 
This  arises  from  the  absence  of  a  sufficient  amount  of  One  material  in  the 
mixture,  and  from  a  firing  not  sufficiently  complete  to  permit  the  develop- 
ment of  a  proper  network  of  tridymite.  On  further  heating,  the  network 
disappears  by  solution  in  the  magma,  leaving  between  the  large  grains  a 
glass  which  is  less  siliceous  and  more  fusible  in  proportion  to  the  absence 
of  fine  grains.  The  examination  of  thin  sections  of  brick  shows  very 
clearly  that  the  grains  of  silica  are  attacked  by  the  magma  only  to  a 
depth  of  0,01  to  0,02  mm.  Only  grains  of  0,03  mm.  or  less  dissolve  com- 
pletely in  the  magma  and  contribute  to  the  formation  of  the  network. 
Assuming  that  the  amount  of  grains  of  this  size  is  only  10  per  cent,  of  the 
total  and  that  2  per  cent,  of  lime  is  added;  this  would  represent  20  per 
cent,  of  the  weight  of  the  fine  grains  and  would  give  a  fusible  glass  in 
which  the  targe  grains  would  swim.  According  to  our  investigations, 
the  proportion  of  impalpable  material,  that  is  to  say,  of  quartz  passing 
through  a  screen  of  4900  openings  per  sq.  cm.  (approximately  200-mesh), 
should  be  at  least  25  per  cent.  Adopting  that  proportion,  at  the  very 
first  test  we  obtained  a  compressive  strength  of  30  kg.  per  sq.  cm.  after 
heating  for  one  hour  at  1600°,  which  is  comparable  to  the  strei^th  of  the 
best  commercial  brick. 

Shdling  or  Rupturing 

Shelling  or  rupturing  of  brick  at  low  temperatures,  which  occurs  on 
the  external  surface  of  brick  at  the  beginning  of  heating,  but  may  pene- 
trate half  way  through  the  brick  toward  the  end  of  the  heating,  arises 
principally  from  the  change  in  volume  which  the  different  varieties  of 
silica  undergo  during  their  reversible  transformation.  The  transforma- 
tion of  cristobalite,  accompanied  by  a  linear  expansion  of  1  per  cent.,  is 
by  far  the  most  serious.  Every  time  a  brick  containing  a  large  propor- 
tion of  cristobalite  passes  quickly  through  the  temperature  of  225°, 
crevices  are  produced,  which  diminish  the  rigidity  of  the  brick.  Accord- 
ing to  the  experiments  of  J.  Spotte  MacDowell,^  a  single  heating  to  above 
this  temperature,  followed  by  cooling  in  the  air,  reduces  the  compressive 
strength  of  silica  brick  by  50  per  cent.  For  this  reason,  it  is  impossible 
to  utilize  silica  brick  in  furnaces  which  will  be  allowed  to  cool  periodically; 
under  such  conditions,  the  brick  will  become  fissured  and  almost  com- 
pletely disintegrated  in  a  short  time.  In  steel  furnaces  maintained 
under  constant  heat,  this  accident  is  most  likely  to  occur  during  the  period 
of  preliminary  heating, 

'  Trana.  (1917),  67,  3-59  (containe  bibliognphy), 
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This  disadvantage  of  silica  brick  is  of^t  by  their  mechanical  strength, 
opposing  the  production  of  crevices,  by  the  presence  of  lai^  grains  of 
quartz,  the  large  spaces  between  which  prevent  the  spreading  of  the 
crevices,  but,  above  all,  by  as  complete  a  transformation  as  possible  of 
cristobalite  into  tridymite. 

A  very  striking  experiment,  which  can  be  stron^y  recommended  to 
all  steel-works  engineers,  consists  in  placing  a  silica  brick  in  a  small  gas 
furnace,  or  a  kitchen  stove,  and  regulating  the  heat  in  such  a  manner  that 
the  lower  surface  of  the  brick  is  raised  to  an  incipient  red  in  5  min. ;  after 
maintaining  the  heat  for  a  quarter  of  an  hour,  the  brick  is  taken  from  the 
fire  and  allowed  to  cool  for  the  same  length  of  time.  After  this  treatment, 
fragments  can  be  broken  off  from  the  brick  by  hand,  and  the  same  opera- 
tion can  be  repeated.  In  the  case  of  a  brick  having  absolute  density 
of  about  2.35,  the  brick  will  have  been  entirely  disintegrated  at  the  end 
of  the  hfth  operation. 

On  the  other  hand,  a  slow  and  regular  heating  of  the  brick  prevents 
this  disintegration  by  diminishing  the  temperature  gradient  toward  the 
interior  of  the  brick.  We  have  been  able  to  avoid  all  fissuring  with  a 
brick  which  fractured  easily,  under  the  above  treatment,  by  heating  it  to 
500"  at  the  rate  of  50°  per  hour,  and  allowing  it  to  cool  at  the  same  rate. 

Wood  fires,  which  are  frequently  employed  for  starting  the  operation 
of  a  steel  furnace,  are  particularly  dangerous  by  reason  of  the  irregularity 
of  their  beating  effect,  regions  of  high  temperature  necessarily  occurring 
above  the  points  at  which  combustion  is  most  active.  It  would  be  desir- 
able to  avoid  wood  fires  at  steel  works,  as  has  been  done  at  glass  works,  by 
using  currents  of  hot  air  with  progressively  increasing  temperatures. 

Expansion 
Expansion,  leading  to  the  superficial  spalling  of  brick  and  warping 
of  roofs  at  high  temperatures,  is  a  function  of  the  following  factors: 

1.  Change  in  the  condition  of  silica  from  that  of  quartz  to  a  material 
of  less  density. 

2.  Mechanical  strength  of  the  brick,  opposing  expansion. 

3.  Porosity  of  the  brick,  permitting  expansion  to  accommodate  itself 
in  the  spaces  between  grains. 

4.  Rate  of  increase  of  temperature  during  heating.  Abrupt  heating 
nuiy  produce  expansion  three  to  six  times  as  great  as  a  slow  heating,  such 
as  is  maintained  in  well  conducted  kilns. 

When  the  change  from  quartz  to  tridymite  occurs  in  a  massive  un- 
fractured  block,  it  causes  a  linear  expansion  of  about  5.5  per  cent.  How- 
ever, by  a  sufficiently  slow  firing,  the  apparent  expansion  can  be  reduced 
to  2  per  cent.,  that  is  to  say,  a  value  below  that  of  absolute  expansioa 
This  is  accompanied  by  a  parallel  diminution  in  the  volume  of  voids 
On  the  other  hand,  if  the  heating  during  the  first  firing  is  too  abrupt,  and 
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still  more  if,  after  an  insufficient  firing,  the  transformation  is  concluded 
only  in  the  steel  furnace,  the  linear  expansion  may  reach  10  per  cent.; 
there  would  then  be  a  considerable  increase  of  porosity,  rather  than  a 
reduction.  The  brick  would  become  both  less  strong  physically  and  also 
more  permeable  to  slag,  to  say  nothing  of  the  ruptures  produced  directly 
by  the  expansion. 
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In  the  accompanying  diagram  (Plate  II),  the  solid  line  represents  the 
theoretical  Unear  expansion  of  a  compact  mass.  The  dotted  line  shows 
the  normal  expansion  of  a  well  fired  brick  not  introduced  into  the  steel 
furnace  until  after  the  transformation  of  the  quartz;  in  this  case,  one 
should  expect  a  minimum  expansion  of  2  per  cent,  in  the  kiln,  and  of  1 
per  cent,  in  the  steel  furnace.  The  broken  lines  represent  the  expansion 
of  a  badly  fired  brick  inserted  prematurely  and  abruptly  into  a  steel 
furnace. 

TransfoTmation  of  Quartz 

The  expansion  of  brick,  which  is  intimately  related  to  the  transfor- 
mations of  quartz,  is  of  the  greatest  importance  from  the  point  of  view 
of  the  manufacture  of  silica  brick,  and  of  their  use  in  steel  furnaces. 
Our  experiments  on  this  subject  have  not  offered  so  complete  a  solution 
of  the  problem  as  we  could  have  desired.  >-  i 
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Days'  experimeDts*  have  shown  that  quartz  ceases  to  be  stable  above 
800°.  Its  enormous  passive  resistance,  however,  opposes  this  transfor- 
mation and  retards  it  to  such  an  extent  that  after  heating  to  1600°,  for 
only  a  short  time  it  is  true,  frt^ments  of  unaltered  quartz  can  often  be 
found.  In  order  to  produce  transformation  below  800°,  it  is  necessary 
to  apply  some  special  solvent,  such  as  vanadate  of  sodium,  and  to  prolong 
the  action  of  the  heat  for  several  days. 

In  the  manufacture  of  silica  brick,  the  transformation  of  quartz 
occurs  in  three  different  ways: 

1.  By  solution  and  recrystalhzation  in  the  melted  silicates.  This 
phenomenon  begins  at  the  melting  point  of  these  compounds,  around 
1200°,  and  proceeds  with  rapidity  in  proportion  to  the  temperature.  It 
is  this  reaction  that  produces  the  network  of  tridymite  referred  to  above. 

2.  By  direct  transformation  of  quartz  fragments  without  any  other 
agencies  than  temperature  and  the  presence  of  natural  impurities  in  the 
rock.  This  transformation  takes  place  at  variable  temperatures  in  quartz 
from  different  localities;  the  exact  reason  for  the  variatioi^is  not  under- 
stood. Silex  can  be  transformed  in  less  than  an  hour  at  1300°;  the  Fon- 
taineblesu  sand,  which  is  very  pure,  transforms  at  1500°;  the  impure 
quartzite  ordinarily  used  for  the  manufacture  of  brick  transforms  at 
temperatures  between  these  two  limits. 

3.  By  direct  transformation  of  the  quartz  under  the  influence  of 
foreign  bodies  which  seem  to  penetrate  by  diffusion  to  a  certain  depth 
into  the  grain.  Cristobalite,  according  to  some  investigators,  would  be 
particularly  likely  to  give  rise  to  these  solid  solutions. 

One  of  us  has  shown,  25  years  ago,  that  crystals  of  very  pure  quartz 
can  be  put  through  a  furnace  for  the  production  of  hard  porcelain,  with- 
out undergoing  any  transformation.  Under  the  same  conditions,  the 
same  quartz  finely  pulverized  is  completely  transformed  into  silica  of 
low  density.  In  the  same  manner,  in  the  manufacture  of  fine  faience,  the 
more  finely  the  quartz  is  pulverized,  the  more  complete  is  its  transforma- 
tion. This  infiuence  of  grain  size  cannot  be  explained  except  on  the 
assumption  of  a  superficial  action  from  vapors  in  the  atmosphere  of  the 
furnace,  whether  steam,  or  alkali  vapors  derived  from  other  elements 
in  the  ceramic  mixture,  notably  feldspar. 

We  have  made  several  tests  on  the  transformation  conditions  of 
quartz,  and  have  studied  successively  the  infiuence  of  the  following  factors : 

1.  Nature  of  the  quartz. 

2.  Size  of  the  fragments. 

3.  Nature  of  the  flux. 

4.  Proportion  of  flux. 

5.  Length  of  firing. 

6.  Temperature  of  firing. 

*  AmerUan  Journal  of  Science,  ser.  4  (1914),  87,  1-39. 
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The  tests  were  made  in  a  Bigot  furnace,  the  several  samples  being 
heated  simultaneously.  Except  for  the  last  experiment,  regarding  the 
influence  of  temperature,  the  heating  was  always  conducted  in  such 
manner  as  to  raise  the  temperature  to  1400°  in  l}4  hr.,  after  which  this 
temperature  was  maintained  for  1  hour. 

1.  Nature  of  the  Quartz. — In  tliese  tests,  the  quartz  was  introduced 
in  fragments  as  lat^  as  hazel  nuts,  but  most  of  the  fragments  decrepi- 
tated in  the  furnace.  The  density  of  the  samples  after  firing  ia  shown  in 
Table  5. 

Tablb  5. — Effect  of  Nature  of  Quartz  on  Ultimate  Density 

BouTM  of  QukTta  Denaty  After  Heatini 

Pebbles  from  Central  Plateau 2.6fi 

Bouchard  quartiite 2.62 

Souvigny  quartiite  (very  pure) 2 .  60 

Urgay  quarti 2.36 

Plat  quartB 2.35 

Souvifiiiy  quarttite  (very  impure) 2.32 

Silex 2.30 

2.  Size  of  the  FragmerUa. — These  tests  were  cbnducted  with  the  two 
varieties  of  quartz  which  were  found  the  most  difficult  to  transform. 
Results  are  given  in  Table  6. 

Table  6.— Effect  of  Size  of  Particles  on  Ultimate  Density 

Pcbbl«  IroiD  Allier  Qiurti 

C«o(rBl  Plateau.  (Verr  Pure). 

Final  Deiuity  Final  Denaity 

Larger  pieces 2.65  2.60 

Between  SO  and  200  mesh* 2 ,  64  2. 67 

Below  200  mesh 2.S9  2.30 

3.  Nature  of  the  Flux. — These,  and  all  the  foUowii^  tests,  were  madeon 
pulverized  quartz  retained  between  screens  having  800  and  4900  openings 
per  sq.  cm.  (approximately  80  and  200  mesh  per  linear  inch).  The  tem- 
perature, as  before,  was  maintained  at  1400°  for  1  hour.  In  each  case, 
the  amount  of  flux  added  was  3  per  cent.;  the  quartz  was  Fontainebleau 
sand.  The  effect  of  different  fluxes  on  the  final  density  of  the  quartz 
is  shown  in  Table  7, 

Table  7. — Effect  on  Ultimate  Denaity  of  Adding  3  Per  Cent.  Flux  to 
FontatTiebleau  Sand 

Fliu  Final  Denaity  Flux       Final  Density  Flui  Final  Denaity 

None  2.60                   LiiCO.  2.30  TiO,  2.66 

Na,CO.  2.40                   CaO  2.53  Brf),  2.49 

Na.SiO,  2.34  -       Al^.  2.60  CaF,  2.51 

NaCl  2-45                   Fe,0,  2.58  BaCli  2.53 

Glass  2.32                   Pb.Oi  2.49  ZnO  2.60 

4.  Influence  of  Proportion  of  Flux. — The  effect  of  varying  the  pro- 
portion of  two  fluxes,  silicate  of  sodium,  and  lime,  is  shown  in  Table  8. 

*  Between  800  and  4900  holes  per  square  centimeter. 
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Tabib  8. — Effe<A  on,  Ultimate  Density  of  Varying  Proportions  of  Flux 


Sodium  SiliHto  Flui 

Lime 

Ftoi 

Kiul  Deoilty 

PerCiDt. 

nulDadstr 

Per  Cent, 

0.0 
0.5 
1.5 
3.0 

2.60 
2.52 
2.45 
2.34 

0 
3 

6 

2.60 
2.53 
2.46 

5.  Infiuerux  of  Temperature. — In  these  experimentB,  the  heating 
occupied  l}4  hr.,  the  temperature  then  being  maintained  at  1400°  for 
1  hr.  or  for  3  hours.     The  results  are  given  in  Table  9. 


Table  9. — Infiuence  of  Time  of  Heating  on  Density  of  Quartz 

InaredleaU  Time  of  Htitinc  Rnkl  Dsniity 

Sand  aloDe 1  hr. 

Sand  alone 3  hr. 

Sandand3%CaO 

Sand  and  3%  CaO 

Sand  and  3%  NaCl 

Sand  and  3%  NaCl 


Ihr. 


3hr. 


RdkI  Dsni 

2.60 
2  51 
2.53 
2.46 
2.51 


6.  TempenUxtre  of  Heating. — In  these  tests,  the  sand  was  heated 
alone,  or  with  the  addition  of  3  per  cent,  of  fluxing  material,  to  tempera- 
tures of  1300°,  1400",  and  1500°.     The  results  are  shown  in  Table  10. 

Table  10. — Effect  of  Temperature  on  Density  of  Quartz 


1300- C. 

i«o-C. 

iBoirc. 

D.i»ity 

2.65 
2.31 
2.56 
3.54 
2.63 

D«i«t, 

2.60 
2.34 
2.51 
2.51 
2.49 

ttanity 

Sand  and  3%  NaiSiOi 

2  35 

It  is  reasonable  to  suppose  that  the  natural  impurities  of  quartzites 
might  explain  their  relative  ease  of  transformation;  chemical  analyses, 
however,  have  not  provided  any  clear  indication.  The  most  frequent 
impurities  are  mica,  interspersed  between  the  grains,  and  oxide  of  iron  as 
very  finely  divided  inclusions  in  the  crystals.  The  addition  of  calcium 
fluoride  does  not  seem  to  have  produced  any  very  energetic  reaction. 
Possibly  inclusions  of  water  or  of  carbon  dioxide  in  certain  quartz  crystals 
may  exert  some  influence. 

The  most  obvious  conclusion  seems  to  be  that  quartzites  containing 
chalcedony  are  transformed  at  the  lowest  temperatures.  Often,  however, 
when  the  proportion  of  this  variety  of  silica  is  large,  the  mass  falls  to 
powder  durii^  calcination  and  is  unable  to  yield  substantial  brick. 
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5,  Manufactuhinq  Operations 
To  assist  in  ascertaining  the  method  of  manufacture  that  will  yield  the 
best  brick,  Table  11  will  indicate  the  lines  of  relationship. 

Table  11. — Essential  Conditiona  and  Steps  in  Manufacture 

CondJtioiu  ProooBa 

1.  Nature  of  quarts  1.  Selection  of  quarts 

2.  Site  aud  shape  of  grains  2.  Preliminary  calcination 

3.  Nature  of  fluxes  3.  Cmshing 

4.  Proportion  of  fiuxes  4.   Addition  oT  fluxes 

5.  Tempering  wat«r  6.  Wetting  the  mixture 

6.  Uniformity  of  mixture  6.  Mixing 

7.  Compression  of  mixture  7.  Molding 

8.  Temperature  of  firing  8.  Drying 

9.  Duration  of  firing  9.  Firing 

Selection  of  the  Quartz 

1.  Degree  of  Purity. — The  proportion  of  basic  oxides  should  not 
exceed  3  per  cent.,  which  is  equivalent  to  10  per  cent,  of  sulphate,  if 
excessive  fusibility  is  to  be  avoided.  On  the  other  hand,  the  percentage 
of  impurity  should  not  be  below  1.5  per  cent,  to  avoid  the  necessity  for 
excessively  high  temperatures  in  order  to  cause  complete  transformation 
of  quartz.  An  average  of  2  per  cent,  of  basic  oxides  represents  good 
practice  throughout  the  world.  The  proportion  of  basic  oxides  in  a 
number  of  natural  materials  used  for  silica  brick  is  shown  in  Table  12. 

There  may  be  some  doubt  as  to  the  correctness  of  this  opinion.  It  is 
certain  that  a  very  pure  quartz,  mixed  with  an  equally  pure  lime,  does 
not  lend  itself  well  to  the  manufacture  of  silica  brick,  their  temperature 
of  firing  being  below  the  melting  points  of  the  most  fusible  silicates  of 
lime.  On  adding  iron  and  alumina  to  the  mixture,  which  occur  natu- 
rally in  impure  quartz,  satisfactory  results  may  be  obtained.  A  sufficient 
quantity  of  iron  is  often  added  by  the  wear  of  the  crushing  apparatus 
itself.  It  may  be  questioned  whether  brick  made  with  the  more  dif- 
ficultly transformed  quartz,  which  are  also  the  most  expensive  to  make,  . 
are  actually  the  best  product.  The  high  temperature,  necessary  for 
firing,  at  the  same  time  facilitates  the  transformation  of  cristobalite 
into  tridymite. 

Table  12. — Percentage  of  Basic  Oxides  in  Certain  Siliceous  Materials 

AliOi  FetOi  Othrn  Total 

Dinas  quartslte 1.60  0,30  0.40  2.30 

Sheffield  black  ganister 0.30  1.50  0.20  2  00 

German  quartiite  (Stella) 1.50  0,50  0.50  2,50 

Souvigny  quftrtzite  (Allier) 0,60  1.56  0.40  2.55 

2.  Absence  of  Pulverization  During  Fi'rjng .—Certain  quartzes  fall  to 
powder  during  calcination  and  naturally  camiot  yield  other  than  very 
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ordinary  brick;  the  large  grains,  the  importance  of  which  has  been  noted 
above,  disappear  during  this  operation.  This  fault  is  easily  detected 
by  a  rapid  heating  to  between  1500°  and  1600°,  sufficient  to  cause  trans- 
formation of  the  quartz  into  silica  of  low  density.  This  defect  often 
appears  to  be  due  to  the  presence  of  chalcedony,  sometimes  accompanied 
by  opal.  This  last  form  of  silica  is  difficult  to  distinguish  under  the 
microscope,  but  its  presence  can  always  be  recognized  by  the  loss  of 
weight  during  calcination.  It  is  always  advisable,  before  using  a  new 
quartz  on  a  large  scale,  to  subject  it  to  a  preliminary  calcination  at  high 
temperature  in  order  to  determine  its  behavior. 

3.  Hardness  of  the  Rock. — Rocks  of  great  hardness  increase  the  ex- 
pense of  crushing;  while,  on  the  other  hand,  a  rock  that  is  too  soft  makes 
it  difficult  to  obtain  large  grains,  and  especially  those  of  angular  shape. 
For  this  reason,  true  quartzites  are  generally  preferred  to  sandstone, 
although  the  latter  can  be  crushed  more  cheaply.  In  England,  however, 
the  Sheffield  ganister,  which  has  a  very  high  reputation  for  the  manu- 
facture of  silica  brick,  is  a  true  sandstone. 

Sands  are  the  worst  of  all  natiiral  quarts  materials  for  this  purpose, 
on  account  of  the  fineness,  the  rounded  outline,  and  especially  the  uni- 
formity in  size  of  their  grains.  The  Foatainebleau  sand,  for  example, 
contains  only  grains  ranging  between  0.1  and  0.3  mm.  Sand  can  welt 
be  used,  however,  for  the  preparation  of  the  impalpable  material,  the 
necessity  for  which  has  been  indicated  above.  It  would  seem  possible, 
nevertheless,  to  employ  it  in  larger  proportions  for  the  manufacture  of 
silica  brick.  We  made  briquets  containing  75  per  cent.  Fontainebleau 
sand,  25  per  cent-  of  impalpable,  and  2  per  cenj.  lime;  this  mixture, 
after  burning  at  a  temperature  a  little  higher  than  the  average,  gave  a 
product  having  an  absolute  density  of  2.32,  that  is  to  say,  the  quartz 
has  been  entirely  transformed  into  silica  of  low  density.  Compressive 
strength  at  ordinary  temperatures  was  112  kg.  per  sq.  cm,,  which  is 
ample,  and  expansion  during  firing  had  been  3  per  cent.,  which  is  a  normal 
amount,  but  these  bricks  disintegrated  completely  at  high  temperatures 
on  account  of  the  absence  of  large  grains. 

4.  Ease  of  Transformation  of  Quartz.- — The  diBferent  varieties  of 
quartz  are  transformed  with  varying  ease  under  the  application  of  heat. 
For  example,  quartz  broken  into  grains  of  less  than  1  mm.  diameter, 
but  remaining  on  a  200-mesh  screen  (4900  meshes  per  sq.  cm.),  is  reduced 
to  a  density  below  2.40  after  1  hr.  of  firing,  at  the  following  temperatures : 
Silex,  1300';  ribbon  quartzite  from  Allier,  1400°;  pure  vein  quartz, 
1500°. 

It  is  not  yet  possible  to  say  which  is  the  best.  It  seems  well  estab- 
lished that  silex. always  yields  poor  brick;  they  are  light,  very  porous, 
and  lack  rigidity.  The  expansion  of  the  largest  grains  is  accomplished 
before  fusion  of  the  flux,  and  therefore  before  the  formation  of  the 
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tridymite  network.  Those  varieties  of  quartz  which  are  moat  difficult 
to  transform  seem  to  yield  the  best  products,  provided  the  firing  is 
continued  long  enough  to  give  a  complete  transformation  of  the  quartz; 
this  high  temperature  tends  to  develop  the  production  of  tridymite  and 
diminish  that  of  cristobalite.  Abundance  of  cristobalite  is  the  principal 
cause  of  fracture,  a  very  serious  defect.  At  present,  the  preference  is 
generally  for  quartz  which  transforms  with  moderate  ease,  yielding 
sufficiently  satisfactory  products  at  a  moderate  cost. 

Calcination  of  Quartz 

A  preliminary  calcination  of  quartz,  now  rarely  employed,  can  be 
given  for  two  different  purposes.  The  first  object  is  simply  to  weaken 
the  quartz  in  order  to  facilitate  its  crushing.  For  this  purpose  a  tem- 
perature of  around  1000°  is  sufficient,  which  can  be  obtained  with  a 
moderate  expenditure  of  fuel.  Except  in  the  case  of  very  pure  hard 
quartz,  this  operation  seems  to  have  little  advantage,  the  expense  of  the 
firing  exceeding  the  economy  realized  during  crushing.  Furthermore, 
quartz  weakened  in  this  manner  gives  rise  to  rounded  fragments,  and 
this  practice  is  tending  to  disappear. 

In  the  second  place,  calcination  at  very  high  temperature  may  be 
adopted  in  order  to  produce  a  transformation  of  the  quartz  before  it 
is  introduced  into  the  brick-making  mixture.  This  necessitates  a  large 
comsumption  of  fuel  and  complicated  heating  furnaces.  It  is  essential 
to  perform  the  heating  with  gas  or  with  a  fiame,  avoiding  direct  contact 
of  ashes,  in  order  not  to  discolor  the  calcined  material.  A  possible 
application  of  this  method  would  be  to  subject  the  largest  grains  of  quartz 
to  a  partial  transformation  before  introducing  them  into  the  brick 
mixture;  this  would  undoubtedly  permit  a  reduction  in  temperature 
and  in  duration  of  the  firing  of  the  brick. 

Cruskinff 

The  crushing  of  quartz  is  always  an  expensive  operation  on  account 
of  the  hardness  of  the  material;  it  requires  the  expenditure  of  considerable 
energy  and  leads  to  a  rapid  wear  of  the  crushing  apparatus.  Roller 
mills  are  most  commonly  applied,  the  operation  being  continued  until  the 
desired  degree  of  fineness  is  obtained.  This  does  not  seem  a  rational 
method,  because  the  relative  proportion  of  the  different  sizes  of  material 
cannot  be  accurately  regulated. 

The  necessity  for  a  large  proportion  of  impalpable  material  is  one  of 
the  clearest  results  of  our  experiments,  some  of  which  are  shown  in  Table 
13.  On  comparing  the  results  of  the  first  two  experiments,  for  example, 
one  mixture  containing  25  per  cent,  of  impalpable  obtained  in  a  tube- 
mill,  the  other  containing  25  per  cent,  of  fine  material  obtained  by  screen- 
ii^  an  ordinary  crushed  product,  it  is  seen  that  the  compressive  strength 
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at  1600°  varieE  in  the  proportion  of  4  to  1,  and  at  ordinary  temperatures 
in  the  proportion  of  2.5  to  1. 

The  preparation  of  impalpable  material  should  be  done  in  a  tube-mill, 
starting  with  siliceous  material  already  in  a  fine  state,  such  as  the  Fon- 
tainebleau  aand,  to  which,  if  necessary,  5  per  cent,  of  burnt  clay  brick  can 
be  added  in  order  to  introduce  the  necessary  amount  of  iron  and  alumina, 
such  as  naturally  exists  in  quarteite.  On  the  other  hand,  the  table  shows 
that  the  amount  of  impalpable  material  should  not  be  too  large.  Com- 
paring experiments  No.  1  and  3,  it  will  be  seen  that  a  brick  containing 


Table  13.— Effect  of  Varying  Fineness  of  QuarU  on  Properties  of 
Silica  Brick 

C 

luhiuat 

-auth. 

Deiuiljt 

K,.  txt  Sq.  Cio. 

At  Ordinw  Thud. 

AppBTCDt 

Aittul 

At  1000*  C. 

DriMl 

Find 

1  1  Fresh  quartiite,  75 

1  Powdered  quartc,  25 

time,  2 

5,2 

1.63 

2.35 

15 

165 

30 

2  ,  Fresh  quartwte,  75 

ScTceQJngs,  25 

Lime,  2 

5.2 

1.63 

2.33 

10 

60 

8 

Lime,  2 

3.0 

1.36 

2.3S 

fl 

135 

10 

4  'i  Fresh  qu&rtzit«,  25 

1  Screeninga,  75 

1  Lime,  2 

3,9 

1.36 

2,33 

6 

62 

3 

Powdered  quarts,  2S 

i  lime,  2 

3.2 

1.57 

2.33 

10 

120 

25 

6  ■  Calcined  quartrite,  25 

'  Powdered  quartz,  75 

,  Lime,  2 

3.0 

1.36 

2,34 

"    8 

180 

16 

7    Calcined  quartate,  25 

Powdered  quarts,  75 

!  Marly  clay,  6 

6.0 

1.40 

2.35 

9 

150 

9.5 

8  ,  Fresh  quartiite,  25 

1  Powdered  quarts,  75 

i  Mftriy  clay,  6 

5.2 

1.43 

2.36 

9.5 

160 

6 

9    Preah  quartsite,  25 

Marly  cUy,  6 

5.2 

1,43 

2.34 

7 

55 

2 

10    Fresh  quartzite,  75 

,  Powdered  quarts,  25 

Marly  cloy,  6 

5.0 

1  50 

2.34 

19 

110 

16 

11 

Fresh  quartsite,  75 

3.7 

1,60 

2,35 

120 

24 

12 

Powdered  quarts,  25 

4.1 

1.60       2.36 

150 

28 

13  'Lime,  2 

i 

4.5 

1.78   1   2  37 

250 

25 
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25  per  cent,  of  impalpable  has  a  crushing  resistance  at  high  temperature 
three  times  that  of  a  brick  containing  75  per  cent,  of  impalpable ;  we  would 
therefore  recommend  a  proportion  of  25  per  cent,  of  impalpable  material, 
passing  the  200~mesh  screen. 

To  obtain  the  larger  grains  there  is  no  reason  for  using  roller  mills, 
and  it  is  preferable  to  use  some  form  of  cylindrical  crusher,  requiring  much 
less  mechanical  energy,  and  also  yielding  grains  having  a  lamellar 
shape,  which  is  most  advantageous  for  the  compactness  of  the  brick. 

If  roller  mills  must  be  used,  however,  it  is  necessary  to  give  them  a 
sufficient  weight,  5  tons  at  least,  in  order  to  enable  them  easily  to  crush 
fragments  of  quartz  of  the  size  usually  delivered  by  the  jaw  crusher. 
If  the  roller  mills  are  too  light,  they  roll  over  the  grains  without  crushing 
them,  increasing  greatly  the  cost  of  power  and  repairs,  while  also  intro- 
ducing particles  of  iron  into  the  mixture,  which  later  give  rise  to  brown 
stains  on  the  brick,  after  firing. 

Addition  of  Fbixea 

Lime  is  the  only  flux  regularly  employed  by  manufacturers  of  silica 
brick ;  the  proportion  is  generally  between  1  and  2  per  cent.  M.  Bied  has 
proposed  to  add  to  the  lime  either  oxide  of  iron  or  alkali.  The  advantage 
of  a  flux  containing  oxide  of  iron  is  that  silica  is  only  slightly  soluble 
in  it  at  high  temperatures,  and  therefore  the  tridymite  network  is  less 
rapidly  destroyed  than  in  other  fluxes.  In  Martin  furnaces,  the  bricks 
of  the  roof  are  often  impregnated  with  oxide  of  iron  to  a  depth  of  10 
cm.  without  seriously  diminishing  their  resistance  to  heat. 

The  presence  of  alkalies  greatly  facilitates  the  transformation  of 
quartz  into  silica  of  low  density,  especially  into  tridymite.  Alkalies 
can  be  introduced  in  the  form  of  alkaline  clay,  such  aa  the  majority  of 
marly  clays,  glauconite,  and  the  clays  of  Fresnes  and  Salerne.  On  the 
other  hand,  alludies  have  the  disadvantage  of  exerting  an  energetic  solu- 
ble action  on  the  tridymite  network.  Our  test  No.  10,  Table  13,  was 
very  satisfactory,  nevertheless. 

Lime  alone  does  not  seem  a  sufficient  flux,  for  the  pure  silicates  of  lime 
do  not  fuse  until  they  reach  temperatures  above  those  obtained  in  the 
firing  of  silica  brick.  The  quartzites  ordinarily  employed,  however, 
contain  2  per  cent,  of  alumina  and  iron,  which,  with  the  lime,  yield  silico- 
aluminates  and  silico-ferritea,  fusible  at  about  1200°.  Wlien  very  pure 
quartz  is  to  be  employed,  it  seems  indispensable  to  add  a  certain  propor-  , 
tion  of  oxide  of  iron.  Silica  brick  are  often  made  without  any  addition 
of  flux,  the  mica,  after  crushing,  possessing  enough  adhesive  power  to 
give  the  dried  brick  a  suitable  stiffness,  and  sufficient  fusing  power  to 
permit  recrystallization  of  siljca  during  the  firing. 

The  chemical  composition  of  the  fluxes  is  not  the  only  important  point; 
it  is  necessary  to  reduce  them  to  a  sufficiently  fine  state  of  division  to 
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allow  them  to  mix  intimately  with  the  silica;  tbis-is  the  more  important 
in  proportion  to  the  amount  of  impalpable  silica  in  the  mixture.  Well 
slacked,  fat  lime  and  natural  clays  are  generally  sufficiently  fine;  when 
well-burned  hydrauUc  limes  are  used,  which  are  always  granular,  it  is 
necessary  to  pass  them  through  a  tube-mill  with  the  impalpable  silica. 
The  best  method  to  insure  that  a  fat  lime  shall  be  sufficiently  finely  dis- 
seminated is  to  slack  it  in  three  or  four  times  its  weight  of  boiling  water 
and  then  use  the  milk  of  lime  without  allowing  it  to  become  dry,  in  order 
to  avoid  agglomeration.  It  is  not  necessary  to  have  all  the  water  boiling 
at  the  start;  the  operation  can  be  begun  with  a  little  boiling  water,  after 
which  increasing  quantities  of  lime  and  cold  water  can  be  introduced,  as 
the  heat  of  reaction  develops. 

Wetting  the  Mixture 
The  proportion  of  water  added  for  the  purpose  of  making  the  mixture 
workable  should  be  enough  to  permit  the  brick  to  be  carried  to  the  dry 
house  without  danger  of  deformation.  The  quantity  may  vary  from  8 
to  16  per  cent,  according  to  the  proportion  of  impalpable  material; 
obviously,  the  larger  the  proportion  of  extremely  fine  grains  the  more 
water  is  required.  Furthermore,  the  impalpable  material  so  increases  the 
compactness  of  the  brick  as  to  allow  a  larger  proportion  of  water  to  be 
used  without  making  the  brick  too  soft.  It  sometimes  happens,  when 
introducing  a  large  amount  of  impalpable  material,  that  the  operator 
forgets  to  increase  the  proportion  of  water;  thereupon  the  brick,  when  sub- 
jected to  firing,  break  in  planes  perpendicular  to  the  direction  of  compres- 
sion, owing  simply  to  a  lack  of  water. 

Mixing 

Mixing,  for  the  purpose  of  distributing  the  Qux  uniformly  throughout 
the  siliceous  mass,  is  the  more  necessary  according  to  the  proportions 
of  fine  material.  We  have  not  yet  found  a  perfectly  satisfactory  process 
for  controlling  the  distribution  of  time  throughout  the  mixture,  although 
this  is  a  very  important  factor  determining  the  quality  of  the  brick.  In- 
asmuch as  the  mixing  operation  is  not  very  expensive,  it  would  be  much 
better  to  increase  the  length  of  the  mixing  process,  even  beyond  what 
would  appear  to  be  strictly  necessary.  The  operation  is  generally  con- 
ducted in  light  mills  revolving  rapidly. 

On  this  subject,  we  would  suggest  the  possibility  of  using,  for  mixing, 
the  impact  mills,  which  are  used  for  the  preparation  of  molding  sand  at 
foundries.  We  would  also  indicate,  with  some  reserve,  the  possible  ad- 
vantage of  introducing  the  water  gradually.  When  it  contains  only  5 
per  cent,  of  water,  the  mass  mixes  readily  and  remains  sandy;  the  addi- 
tional wat«r  can  then  be  introduced  at  the  end  of  the  operation,  when  it 
will  distribute  itself  immediately  and  uniformly. 
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Molding 

Molding  of  the  bricks  is  most  often  performed  by  hand,  although  there 
is  some  doubt  as  to  whether  this  process  is  better  than  the  use  of  a  mold- 
ingpresa.  Itpermits,  possibly,  a  more  regular  distribution  of  the  mixture 
in  the  molds,  and  yields  brick  which,  at  1600°,  possess  the  same  mechan> 
ical  strength  as  machine-pressed  brick.  In  the  case  of  badly  fired 
brick,  the  final  expansion,  which  occurs  after  the  bricks  are  in  the  furnace 
roof,  has  better  opportunity  to  relieve  itself  in  the  spaces  of  a  very  porous 
brick  and  thus  produces  much  less  external  pressure.  On  the  other  hand, 
pressed  brick,  which  are  always  dense  and  have  greater  strength  at  or- 
dinary temperature,  are  much  less  permeable  to  the  slag;  this  is  important, 
as  this  permeability  is  an  important  factor  in  the  destruction  of  brick. 
It  would  seem,  finally,  that  for  careful  manufacture,  high  molding  pres- 
sures are  preferable,  although  for  second-quality  brick  hand  molding 
may  be  perfectly  suitable. 

Drying 

The  molded  brick  must  be  dried  before  they  are  introduced  into  the 
kiln  because  they  would  otherwise  be  too  soft  to  permit  them  to  be  piled 
one  on  another;  the  abrupt  application  of  heat,  furthermore,  would  cause 
them  to  burst  or  at  least  crack  by  too  rapid  expelling  of  excessive  water 
vapor. 

The  drying  operation  presents  no  difiiculties  and  requires  no  special 
precaution.  It  is  possible,  immediately  after  molding,  to  put  the  bricks 
into  a  heated  stove  and  dry  them  in  a  few  hours.  In  this  respect,  silica 
bricks  differ  from  clay  bricks  in  that  drying  does  not  produce  any  con- 
traction. With  bricks  containing  a  large  amount  of  impalpable  silica, 
the  operation  may  require  more  care,  but  is  never  difficult. 

Firing 

Firing  is  the  most  important  feature  in  the  manufacture  of  silica 
brick,  and  also  the  most  expensive;  unfortunately  the  best  conditions 
for  firing  are  not  yet  fully  understood.  Tests  are  difficult  to  make 
on  account  of  the  length  of  firing  and  the  dimensions  of  the  furnace  in 
which  firing  is  done;  firing  often  lasts  for  20  days  and  may  take  place  in 
a  furnace  holding  200  to  300  tons  of  brick  at  once. 

The  maximum  temperature  of  firing  is  often  considerably  exaggerated. 
We  often  hear  of  firing  temperatures  of  1500°  and  even  1600°,  but  we  do 
not  believe  that  any  silica  brick  are  ever  actually  fired  at  temperatures 
exceeding  1400°,  and  base  this  belief  on  the  two  following  facts:  In  the 
most  intensive  firing,  the  heat  is  generally  limited  to  Seger  cones  No.  16 
to  18,  corresponding  nominally  to  temperatures  of  1450°  and  1490°; 
numerous  experiments,  however,  have  shown  us  that  in  ceramic  furnaces, 
in  which  the  heat  is  maintained  for  a  long  time,  Seger  cones  melt  at 
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temperatures  between  70°  and  100°  lower  than  in  calibration  tests,  which 
are  always  conducted  very  rapidly.  Furthermore,  on  examining  the 
expansion  of  commercial  brick,  produced  by  subjecting  to  a  second  firing, 
we  have  determined  that  they  all  began  to  expand  rapidly  upon  reaching 
a  temperature  of  1400°,  which  proves  that  they  had  not  undergone  this 
temperature  in  the  first  firing. 

We  believe,  therefore,  that  a  temperature  of  1400°  is  enough  for  firing, 
provided  it  is  maintained  for  a  sufficiently  great  length  of  time.  In  any 
case,  we  do  not  believe  that  there  is  any  advantage  in  exceeding  a  tem- 
perature of  1450",  even  with  the  most  difficultly  transformed  quartz. 
Our  experiments,  mentioned  above,  show  that  the  Fontainebleau  sand, 


Pig.  11.  FiQ.  12. 

Fig.  11. — Silica  bsick  uade  prou  SoimaNT  quartzitb.     Circular  cleavages 

CHARACTERIBTIC  OP  CRIBTOBAUTB,  IN  LARGE  GRAINS  OF  gUARTZITE  BNTIRELT 
TRANSFORUED  BY  THE  FIRING.       NATURAL  LIGHT;  MAGNIFICATION,    X  34. 

Fio.  12. — Silica  brick  made   of   Souviont  quartzitb,  showing  fraoments 

OF  QUARTZ  NOT  TRANSFORUBD  BT  FIRING.  ArOUND  THE  LARGE  GRAINS  IS  A  BORDER 
0.01  UM.  DEEP  PRODUCED  BY  THE  ATTACK  OF  THE  FLUX.  NATURAL  LIGHT;  MAG- 
NIFICATION,   X  34. 

which  is  particularly  difiicult  to  transform,  in  the  presence  of  lime  is 
reduced  to  a  density  of  2.46  after  3  hr.  of  beating  at  1400°. 

Finally,  numerous  tests  of  mixtures  containing  Fontainebleau  sand 
fired  in  industrial  furnaces,  have  yielded  densities  between  2.32  and  2.36. 
As  for  the  large  grains  of  quartz,  the  transformation  is  less  rapid  and  it 
would  obviously  be  advantageous  to  introduce  these,  if  this  could  be 
done,  in  the  condition  of  quartz  already  transformed. 

In  addition  to  the  temperature,  it  is  necessary  to  take  into  account  the 
length  of  time  during  which  the  maximum  temperature  is  maintained, 
and  also  the  rapidity  with  which  the  heating  is  conducted.  In  case  of  too 
rapid  a  heating,  the  brick  expands  enormously,  the  direct  transformation 
of  the  grains  having  preceded  the  formation  of  the  network.     From  the 
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theoretical  point  of  view,  it  would  seem  that  the  best  condition  of  firing 
would  be  to  raise  the  bricks  as  fapidly  as  possible  to  the  temperature  at 
which  the  large  quartz  grains  begin  to  transform  directly,  but  slowly; 
this  would  give  the  network  of  tridymite  an  opportunity  to  develop 
more  rapidly  than  the  isolated  grains  transform,  which  is  indispensable 
in  order  to  limit  expansion.  This  temperature  would  then  be  main- 
tained a  sufficiently  long  time  to  allow  the  transformation  of  large  grains 
to  be  completed. 

We  should  mention  an  absolutely  contrary  theory  maintained  by  cer- 
tain manufacturer  on  account  of  its  economical  advantages.  This 
involves  firing  at  a  very  low  temperature,  in  order  to  form  the  indispen- 


Pio.  13.  Fio.  14. 

Fig.  13. — iNsrmciENTLT  pired  English  brick,  containing  untrans formed 

ORAIHS    Oy  QUARTZ,    ALTBOUQB    RORDERED    TO   A   DEPTH  OF  0.01    MM.   RY   ATTACK    OF 

THE  FLiTX.     Natural  light;  uagnification,  X  34. 

Fig.  14. — Inscfficibntly    burned     German    brick,    containing    rounded 

GRAINS  OF  QUARTZ,  INDICATING  THE  USB  OP  A  NATURAL  .1AND.  NaTUBAL  LIUHT; 
HAONIFICATION,    X  34. 

sable  network,  but  allowing  the  grains  of  quartz  to  remain  untrans- 
formed;  the  final  heating  is  afterward  finished  in  the  steel  furnace. 
This  process  has  the  advantage  of  not  introducing  cristobalite  into  the 
brick  and  thereby  diminishing  the  danger  of  fracture;  on  the  other  hand, 
at  high  temperatures,  brick  of  this  character  would  be  subject  to  con- 
siderable expansion,  leading  to  a  warping  of  the  furnace  roof.  If,  how- 
ever, the  proportion  of  impalpable  silica  has  been  sufficient,  and  if  the 
firing  has  been  sufficiently  prolonged,  the  tridymite  network  may  perhaps 
be  sufficiently  solid  to  offset  the  danger  of  expansion. 

We  should  also  mention  a  third  theory,  upheld  by  certain  American 
authors;  well  burned  bricks  are  good;  slightly  burned  bricks  are  mediocre; 
but  medium  burned  bricks  are  detestable.  Such  brick  are  composed 
principally  of  cristobalite  and  disintegrate  into  large  fragments  by 
fracturing. 
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Low-temperature  Distillation  of  IlHnois  and  Indiana  Coals 

BT  G.  W.   TRAEB,    ChICAUO,   IlL. 
(Milwaukee  Meeting,  Oolober.  19181 

The  distillation  of  bituminous  coals  at  what  is  commonly  termed 
low  temperature,  and  the  quantities,  nature  and  adaptabilities  of  the 
products  have  been  the  subject  of  considerable  experimentation,  durit^ 
recent  years.  Fortunately,  the  earlier  work  in  this  country  was  done  by 
men  whose  scientific  training  qualified  them  properly  to  record  and 
interpret  the  results  of  their  experiments.  The  work  of  Prof.  Parr,  of 
the  University  of  Illinois,  is  especially  notable  in  this  respect. 

Prof.  Parr's  work,  added  to  that  of  English  experimenters,  demon- 
strated certain  things  to  a  degree  which  is  generally  regarded  as  convincing. 
They  have  proved  that  a  cakii^  bituminous  coal,  when  subjected  to  a 
temperature  of  not  more  than  1000°  F.  (preferably  somewhat  less)  will 
yield  light  tar  having  low  specific  gravity  (about  1.06)  and  high  value; 
also,  tbst  this  yield,  with  a  given  coal,  will  depend  upon  the  percentage 
of  hydrocarbons  in  the  coal,  the  maximum  temperature  used,  and  the 
promptness  with  which  the  distillate  gases  are  removed.  It  is  assumed 
that  air  is  excluded  from  the  retort,  and  that  the  coal  is  subjected  to 
heat  for  a  sufficient  time  to  drive  off  all  of  the  tarry  hydrocarbons. 

The  results  attained  in  the  first,  or  low-temperature  stage  of  the  Car- 
bocoa!  process,  recently  described  by  C.  T.  Malcolmson,*  corroborate 
these  general  principles.  It  is  the  purpose  of  the  writer  to  describe 
other  work  of  a  practical  nature,  directed  toward  the  commercial  adapta- 
tion of  these  principles,  which  was  begun  nearly  two  years  ago;  this  in- 
vestigation was  assisted  by  A,  J.  Sayers,  of  the  Link-Belt  Co.,  and 
Carl  Scholz. 

The  first  step  was  to  draft  tentative  designs  for  thehandling  of  the  coal 
and  coke  so  as  to  produce  a  coke  having  a  suitable  structure  for  sizing, 
storage,  shipment,  and  handling,  without  the  necessity  of  briquetting. 
Prof.  Parr's  result*  had  indicated  that  the  rather  open-pored  volatile- 
coke  produced  by  him  had  a  low  ignition  point,  which  would  contribute 
toward  easy  control  of  the  fire  in  stoves,  house  furnaces,  fire-boxes, 
and  boilers.  It  is  recognized  by  those  experienced  in  the  marketing 
of  fuels  that  the  hard  non- volatile  coke  from  the  high-temperature  process, 
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while  an  excellent  fuel  in  the  hands  of  those  qualified  to  handle  it,  never- 
theless falls  far  short  of  being  an  ideal  domestic  fuel,  and  is  still  less  well 
adapted  to  other  uses,  to  which  it  was  believed  a  high-volatile  coke  would 
be  more  suited.  The  high  ignition  point  of  bard  non-volatile  coke 
makes  it  difficult  to  burn  satisfactorily  in  a  small  or  thin  fire  With 
a  strong  fire  the  drafts  have  to  be  watched  closely  because  of  the 
tendency  to  over-intensity  of  combustion.  In  spite  of  its  high  heat 
value  and  cleanliness  in  handling,  it  has  therefore  fallen  short  of  being 
a  popular  domestic  fuel.  Another  obstacle  to  the  general  use  of  hard 
coke  for  domestic  purposes  is  the  fact  that,  during  active  periods  in  the 
blast-furnace  industry,  the  furnaces  will  pay  such  high  prices  for  the 
coke  as  to  divert  it  from  domestic  use.  Domestic  consumers  feel,  there- 
fore, that  it  is  not  a  reliable  source  of  supply  at  all  times,  and  when 
the  hard-coke  makers  wish  to  return  to  the  domestic  industry,  they 
have  to  build  up  their  business  all  over  again,  against  a  handicap. 

Another  important  factor  is  that,  while  it  has  proved  quite  imprac- 
ticable to  use  non-volatile  hard  coke  in  locomotives  previously  using 
high-volatile  bituminous  coaia,  without  radical  changes  in  the  fire-boxes, 
the  indications  were  that  higb-volatile  coke  could  be  employed  for  this 
important  purpose,  without  material  changes  in  the  fire-boxes. 

EXPEHIMENTAL   PLANT 

C.  M.  Garland  was  retained  to  revise  the  designs  and  supervise  the 
construction  and  operation  of  an  experimental  plant,  which  was  installed 
at  Chicago  in  1917.  The  operation  of  the  plant  began  early  in  October 
and,  with  some  stoppages  for  corrections  indicated  by  its  use,  was 
operated  until  Dec.  24.  Altogether  about  140  tons  of  coal  were  passed 
through  the  plant,  about  100  tons  of  which  was  Franklin  County  mine- 
run  crushed  to  pass  through  a  2-in.  round-hole  shaker  screen.  The  other 
coals  tested,  in  lots  ranging  from  4  to  12  tons,  comprised  Qarrisburg 
and  Eldorado  in  Saline  County,  111.;  Indiana  4th  Vein  from  the 
J.  K.  Dering  mine,  Clinton,  Ind.;  Indiana  No.  5  from  Grant  mine  No.  4; 
and   Indiana   No.    5    from    Knox    County. 

The  plant  comprised  one  oven  or  retort,  tc^ether  with  the  usual 
condensing  and  scrubbing  apparatus  for  the  distillate  gas,  and  other 
necessary  machinery  and  appUances. 

The  oven  was  horizontal  and  rectangular,  about  60  ft.  long,  4  ft.  high 
and  20  in.  wide.  At  each  end  was  a  double-door  lock,  one  serving  for  the 
admission  and  the  other  for  the  withdrawal  of  the  containers  cairyiog 
the  coal,  without  admitting  any  substantial  ajnount  of  air.  These  locks 
were  of  suitable  length  to  hold  one  container;  they  were  not  heated, 
nor  was  a  space  of  the  same  length  as  the  lock  immediately  inside  of  it. 
The  remainder  of  the  retort  was  supplied  with  down-draft  dues,  each  of 
which  led  to  a  large  oEF-take  fiue  in  the  base  of  the  oven,  and  thence  to 
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the  stack.  The  flues  were  about  1  ft.  square  in  their  inuer  dimensions 
and  were  laid  with  ordinary  rectangular  silica  brick,  as  toi^^ed  and 
grooved  brick  in  interlocking  shapes  could  not  be  obtained  for  many 
months.  Ab  the  volume  of  clean  gas  yielded  by  the  low-temperature 
process  is  insufficient  for  heating  the  oven,  provision  was  made  to  supply 
city  gas  for  the  additional  heat  necessary;  in  the  commercial  plant,  pro- 
ducer gas  will  be  supplied  for  this  purpose. 

A  track  was  Ifud  through  the  oven  with  l&Jb.  steel  rail,  11-in.  gage, 
to  carry  the  containers.  These  were  introduced  at  intervals  into  the 
charging  end,  each  successive  container  pushing  those  which  had  pre- 
ceded it;  ^en  the  retort  was  filled,  a  finished  container  would  be  dis- 
charged whenever  a  fresh  one  was  inserted.  The  train  of  containers 
was  pushed  by  a  hydraulic  ram,  and  they  were  chained  with  coal  and  the 
coke  was  discharged  from  them  manually.  In  the  commercial  plant, 
the  pushing  will  be  done  by  an  electric  ram,  and  the  charging  and  dis- 
charging will  be  mechanical. 

The  design  of  these  cont^ners  was  the  central  feature  of  our  process. 
Those  used  in  our  experimental  plant  were  about  4  ft.  long,  4  ft.  high  and 
12  in.  wide.  Partitions,  12  in.  apart,  divided  each  box  into  four  sections, 
each  12  in.  square.  Each  box  was  placed  on  a  cast-iron  truck  mounted 
on  four  cast-iron  wheels.  When  the  truck  and  box  were  removed  from 
the  oven,  the  box  was  lifted  off,  the  coke  dischai^d,  the  box  replaced 
on  the  truck,  and  returned  to  the  other  end  of  the  oven  for  recharging. 

One  of  the  principal  purposes  of  this  form  of  container  was  to  afford 
means  by  which  the  heat  could  be  quickly  conveyed  through  the  mass  of 
coal.  Experience  with  the  high-temperature  byproduct  oven  has  shown 
that  when  heat  is  applied  only  to  the  side  of  the  charge,  the  pri^ess 
of  the  coking  is  very  slow,  probably  only  ^^  in.  per  hour. 

It  is  impracticable  to  make  a  semi-coke  of  substantially  uniform 
volatile  content,  unless  special  means  are  employed  for  conveying  the 
beat  to  the  center  of  the  charge  more  quickly  than  is  possible  by  means  of 
a  heated  side-wall  only,  because  if  the  side-wall  temperature  is  not  raised 
above  1000°  F.  the  progress  of  the  coking  toward  the  center  will  be 
prohibitively  slow;  indeed,  it  has  proved  impracticable  to  convey  the 
heat,  at  that  temperature,  through  10  in.  of  coal.  If  the  heat  is  raised 
above  1000°,  by  the  time  the  tarry  volatiles  are  all  driven  off  at  the  center 
of  the  charge,  the  volatile  contents  of  the  coke  on  the  outer  side  will  be 
greatly  reduced,  thus  giving  a  coke  of  widely  varying  character.  Fur- 
thermore, the  higher  temperature  will  cause  a  proportionate  decrease 
in  the  valuable  light  oils  and  a  corresponding  increase  in  pitch;  the  per- 
cent^e  of  coke  also  will  be  decreased.  There  will  be  an  increase  in 
gas,  but  it  wilt  fall  far  short  of  compensating  for  the  losses  mentioned. 

The  first  container  boxes  were  made  of  sheet  steel,  and  were  divided 
into  four  compartments  each  12  in.  square.     It  quickly  developed  that 
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this  column  was  too  large  for  short-time  coking,  with  a  reasonably-  uni- 
form volatile  contents.  Additional  compartmenta  were  then  put  in  some 
of  the  boxes;  while,  in  others,  pipes  of  varying  diameters  were  placed 
in  the  centers  of  the  large  compartments.  Both  of  these  expedients 
produced  usable  coke. 

A  caat-iron  box  also  was  used;  the  shell  and  partitions  were  M  in- 
thick,  and  the  compartments  varied  from  4  to  8  in.  in  width.  This 
cast-iron  box  showed  great  superiority  over  all  other  forms,  and  proved 
eminently  satisfactory  for  the  purpose.  The  compartments  were 
tapered  slightly,  so  that  by  the  time  the  boxes  reached  the  open  air,  the 
temperature  had  been  reduced  enough  to  cause  a  slight  shrinkage  and 
the  coke  slipped  out  of  the  compartments  without  difiBlculty.  It  showed 
no  tendency  whatever  to  cling  to  the  metal. 

Charactebibtics  of  Semi-coke 

The  semi-coke  thus  produced  proved  a  most  satisfactory  fuel  for 
all  general  purposes.  Although  our  retort  had  only  side-wall  heat, 
we  were  able  to  produce  a  coke  practically  homogeneous  in  structure  and 
volatile  contents.  By  keeping  the  charge  in  the  beat  long  enough,  we 
could  produce  a  hard  coke  with  practically  no  volatile  contents,  or  by 
withdrawing  the  charge  as  soon  as  it  was  fused  to  the  center,  we  could 
change  the  coal  into  the  form  of  coke  while  but  little  of  the  original  vola- 
tile contents  had  been  removed.  Our  experience  indicates  that  the  ideal 
fuel  for  general  use  is  obtainedby  leaving  about  18  per  cent,  of  vola- 
tile matter  in  the  coke;  this  gives  a  satisfactory  yield  of  coke,  while,  at 
the  same  time,  practically  all  the  volatile-producing  oil  or  tar  has  been 
removed,  and  the  coke  thereby  rendered  smokeless.  Using  compart- 
ments of  suitable  width,  the  coke  is  uniform  in  structure  and  has  sufficient 
strength  to  permit  sizing  and  handling.  The  specific  gravity  is  somewhat 
less  than  that  of  hard  coke,  but  not  enough  so  to  be  a  practical  objection. 
The  breeze  and  fines  burn  satisfactorily,  either  by  themselves  or  with  the 
coarse  sizes;  in  fact,  the  behavior  in  the  fire-box,  in  that  reajwct,  is  quite 
similar  to  that  of  bituminous  coal.  It  ignites  as  readily  as  bituminous 
coal.  The  fire  is  easily  controlled,  and  was  successfully  banked  for  8 
to  10  hr.  in  house  furnaces  durii^  severe  winter  weather.  It  burns 
with  a  short,  bright,  clear  blaze,  and  is  clean  to  handle  and  fire. 

An  8-hr.  test  of  the  semi-coke  made  from  three  different  kinds  of 
coal  was  made  on  a  switch  engine  in  one  of  the  large  railroad  yards  in 
Chicago.  The  coals  were  Franklin  County,  III.,  Indiana  Vein  No.  S 
from  north  of  Terre  Haute,  and  Indiana  Vein  No.  6  from  Knox  County, 
In  clearing  up  the  pile  from  which  this  tender  load  was  taken,  all  of  the 
fine  stuff  was  gathered  up  with  the  coarse,  so  that  there  was  a  lar|i^e 
percentage  of  it  in  the  tender  load,  which,  in  proportion  of  coarse  and  fine, 
resembled  mine-run  coal. 
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There  was  a  light  coal  five  id  the  locomotive  and  on  this  the  semi-coke 
was  started.  It  steamed  rapidly  from  the  start  and  made  no  smoke 
throughout  the  test.  The  amount  of  cinders  thrown  from  the  stack 
with  a  heavy  exhaust  was  but  a  small  proportion  of  the  amount  coming 
from  bituminous  coal.  The  semi-coke  steamed  rapidly  enough  to  make  it 
unnecessary  to  use  the  steam  blower  when  the  exhaust  was  off,  as  is  done 
to  lessen  the  smoke  when  bituminous  coal  is  used;  this  effects  a  substan- 
tial saving  of  coal.  The  engine  did  its  regular  yard  work  for  about  4 
hr.,  the  crew  being  changed  at  the  third  hour.  By  this  time  a  thin 
clinker  had  formed  which,  however,  was  readily  removed  during  the  noon 
hour.  Another  thin  clinker  was  formed  and  removed  during  the  after- 
noon, but  some  coal,  of  which  there  was  some  at  the  bottom  of  the  tender, 
had  been  fired  on  top  of  the  semi-coke  before  this  happened.  The  Engi- 
neer of  Testa  of  the  railroad  stated  that  this  clinkering  probably  resulted 
from  the  mixing  of  semi-coke  made  from  three  different  kinds  of  coal, 
and  from  the  excessive  amount  of  fine  stuff.  Mr.  Scholz,  who  was  on 
the  engine  during  a  considerable  part  of.  the  test,  was  of  the  same  opin- 
ion; and  they  agreed  that  the  semi-coke  had  satisfactorily  shown  its 
adaptability  for  locomotive  use  without  material  change  in  the  fire-box. 
The  semi-coke  was  entirely  new  to  both  firemen  on  this  run. 

In  regular  practice,  a  semi-coke  made  from  one  kind  of  coal  will 
clinker  less  than  the  coal  from  which  it  is  made.  This  is  because  the  semi- 
coke  burns  up  without  permitting  the  lumps  to  break  down  or  melt; 
there  is,  therefore,  a  better  circulation  of  air  through  the  fire-bed  than 
with  coal.  In  regular  practice  there  also  would  be  a  great  deal  less  fine 
stuff  than  was  in  this  tender  load.  In  a  plant  equipped  entirely  with 
casting-boxes,  the  plant  run  of  semi-coke  would  contain  a  very  small 
percentage  of  fine  stuff;  from  his  observation  in  our  experimental  plant, 
Mr.  Garland  estimates  this  at  less  than  10  per  cent. 

Volatile  Products  op  Distillation 
In  the  operation  of  our  experimental  oven,  it  was  demonstrated  that 
it  would  not  be  possible  to  use  a  brick  wall  between  the  side  flues  and 
the  containers,  and  at  the  same  time  make  a  practic^ly  complete  recovery 
of  the  oil  and  gas  in  the  coal.  This  was  partly  due  to  the  small  amount 
of  gas,  J^^  to  1  cu.  ft.  per  pound  of  coal,  obtained  in  the  low-temperature 
process,  as  compared  with  5  to  6  cu.  ft.  in  the  high-temperature  process. 
A  small  air  leakage,  such  as  exists  in  the  high-temperature  ovens,  wouM 
therefore  produce  disastrous  results;  even  in  high-temperature  ovens, 
there  is  more  or  less  trouble  in  keeping  down  the  percentage  of  carbon 
dioxide  in  the  gas.  In  our  experimental  oven,  the  use  of  plain  sihca  brick 
instead  of  special  interlocking  brick  increased  the  leakage  materially, 
although  special  precaution  was  taken  in  laying  up  the  brick  and  in  coat- 
ing the  interior  of  the  oven  with  special  high-temperature  cement. 
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The  quantitative  determination  of  gas  and  tar  was  therefore  impossible 
with  this  oven.  These  factors,  however,  have  beea  demonstrated 
repeatedly,  not  only  by  Prof.  Parr,  for  practically  every  coal  mined  in  the 
State  of  Illinois,  but  also  by  numerous  others.  The  curves  of  Fig.  1 
show  the  relation  between  the  coking  temperature  and  the  tar  produced, 
in  gallons  per  ton,  for  a  coal  containing  approximately  30  per  cent,  of 
volatile  matter.  These  curves  are  based  on  experiments  made  by  Lewes, 
and  correspond  with  the  results  obtained  by  Prof.  Parr.  The  Illinois 
and  Indiana  coals  have  35  per  cent,  or  more  of  volatile  hydrocarbons 
and  will  therefore  produce  correspondingly  more  tar  than  the  30  per  cent, 
coal  illustrated  in  Fig.  1. 

For  our  commercial  oven,  a  castr-iron  retort  will  be  used,  which  will 
be  lined  on  the  fiue  side  with  silica  brick.  This  retort  is  ribbed  to  prevent 
warping,  and  is  fixed  only  at  the  center,  leaving  the  ends  free  to  expand. 
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Since  the  temperature  within  the  oven  does  not  exceed  1000°  F.,  this 
will  not  only  insure  a  gas-tight  construction,  but  the  retort  will  be  con- 
siderably more  permanent  than  a  brick  structure,  and  will  cost  less  for 
maintenance  than  brick  retorts  of  this  form. 

The  light  tar  produced  by  the  low-temperature  process  is  a  liquid 
having  the  consistency  of  heavy  cylinder  oil.  Its  significant  character- 
istics, as  disclosed  by  Prof.  Parr's  work,  are:  first,  the  large  percentage 
of  the  light  fraction  cut  at  210°  C.  (about  18  per  cent.) ;  second,  the  large 
percentage  of  the  middle  fraction  (about  52  per  cent.)  and  the  high  per- 
centage of  the  tar  acids  therein;  third,  the  very  low  proportion  of  pitch 
(about  30  per  cent,  as  compared  with  65  per  cent,  or  more  in  the  heavy 
high-temperature  tar),  the  low  melting  point  of  this  pitch,  and  its  low 
percentage  of  free  carbon. 

Taking  Franklin  County,  111.,  coal  as  a  basis,  the  results  of  operation 
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at  our  experimental  plant  indicated  that  the  products  of  low-temperature 
distillation  will  be  about  ll^i  per  cent,  of  Bemi-coke  having  18  per  cent, 
volatile  combustible  matter,  and  about  25  gal.  of  l^ht  tar  and  oil  per 
ton  of  coal.  There  will  also  be  a  small  amount  of  ammonia,  but  since 
the  nitrogen  in  the  coai,whichi8  the  source  of  the  ammonia,  does  not  leave 
the  coal  freely  until  the  temperature  is  considerably  above  1000"  F.,  the 
greater  part  of  the  nitrogen  remains  in  the  semi-coke;  if  this  product  is 
then  made  into  producer  gas  in  a  byproduct  plant,  a  very  large  recovery 
of  the  ammonia  may  be  made.  Treated  in  this  way,  the  recovery  from 
Franklin  County  coal  would  be  about  100  lb.  of  sulphate  of  ammonia 
per  ton  of  coal.  This  assertion  is  based  upon  data  furnished  by  C. 
W.  Tozer  of  London,  England,  regarding  his  experiments  with  a  coal 
closely  resembling  that  of  Franklin  County.  In  the  high-teraperature 
non-volatile  coke  plants,  the  nitrogen  is  all  driven  off  the  coal,  but  only 
the  lesser  part  of  it  is  recoverable  as  ammonia,  because  the  temperature 
of  the  oven  is  so  h^h  that  the  greater  part  of  the  nitrogen  does  not 
combine  with  hydrogen,  or,  if  such  a  combination  is  made  at  first,  it  is 
later  broken  up  before  it  can  be  recovered. 

Based  upon  our  experience  at  our  experimental  plant,  the  heating 
period  required  with  the  casting  containers  will  not  exceed  8  hr.,  and  it 
is  probable  that  this  may  be  reduced.  The  length  of  time  required  de- 
pends upon  the  greatest  distance  which  it  is  necessary  for  the  heat  to 
travel  through  the  coal.  A  shorter  period  could  be  attained  by  reducing 
this  distance,  but  if  it  is  too  greatly  shortened,  the  result  might  not  be 
compensatory,  by  reason  of  structural  and  other  considerations. 

High-  vs.  Low-tempbraturb  Distillation 
Ample  data  were  secured  from  the  operation  of  our  plant  upon 
which  to  base  enlarged  and  perfected  designs  for  a  commercial  plant, 
and  to  furnish  a  sound  basis  for  estimating  the  cost  of'  installing  and 
operating  it.  This  has  been  carefully  worked  out  by  Mr.  Garland  and 
the  writer,  and  the  results  are  very  attractive  as  to  earning  power.  Our 
plant  will  cost  considerably  less  than  a  high-temperature  plant  of  the 
sajne  capacity,  and  our  products  will  yield  a  larger  return  per  ton  of  coal. 
Franklin  County  coal,  which  has  a  natural  moisture  content  of  about 
8|^  per  cent,  will  yield  12  to  15  per  cent,  more  semi-coke,  by  the  low- 
temperature  process,  than  can  be  derived  from  it  as  hard  coke  by  the 
high-temperature  process.  There  will  be  at  least  double  the  amount 
of  tar  and  oil,  and  commercial  invest^ations  indicate  that  its  value  per 
gallon  will  be  several  times  as  great.  The  high-temperature  process  will 
yield  several  times  as  much  gas  as  the  low-temperature  process,  but 
the  surplus  gas  is  always  sold  at  a  very  low  price.  The  high-temperatute 
process  also  has  some  advantage  in  the  greater  amount  of  ammonia  pro- 
duced, but  this  also  is  more  than  offset  by  other  considerations     The 
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opportunities  for  commercial  development  of  the  low-temperature  process 
seem  to  be  very  great;  it  is  not  visionary  to  predict  the  substitution  of 
semi-coke,  in  the  Central  and  Western  states,  for  a  large  part  of  the 
anthracite  and  so-called  smokeless  coals  which  now  come  into  this  terri- 
tory, by  rail  or  lake. 

Members  of  the  Institute  are  doubtless  well  informed  as  to  the  lai^e 
number  of  valuable  sub-products  which  may  be  derived  from  light  tar 
and  oil,  and  the  rapidity  with  which  this  chemical  industry  is  now  devel- 
oping in  the  United  States.  Dr.  David  T.  Day  is  authority  for  the 
statement  that  the  cracking  process  for  deriving  motor  fuel  from  inineral 
oils  has  reached  a  stage  of  development  indicating  that  it  is  possible,  in 
this  way,  to  secure  nearly  20  gal.  of  gasoline,  or  motor  fuel  of  the  same 
value,  per  ton  of  Franklin  County  or  similar  coal. 
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Notes  OB  Certain  Iron-ore  Resources  of  flie  World 

(MDwiiikee  Maetlnt,  Ootober.  IBIS) 

At  a  meeting  of  the  New  York  Section,  on  May  23,  1918,  the  sole 
subject  of  discussion  was  the  nature  and  occurrence  of  iron  ores  in  certain 
parts  of  the  world.  X  Owing  to  the  importance  of  this  subject,  it  has  been 
deemed  advisable  to  publish  the  remarks  made  at  that  meeting  in  the 
form  of  a  paper,  for  presentation  at  the  Milwaukee  Meeting,  instead  of  in 
the  usual  place,  under  News  of  Local  Sections.  The  remarks  related  to 
the  following  districts:  Brazil,  by  E.  C.  Harder,  of  the  U.  S.  Geological 
Survey;  Scandinavia,  by  Waldemar  Lindgren,  of  the  U.  S.  Geological 
Survey;  Cuba,  by  C.  M.  Weld,  of  the  U.  S,  Bureau  of  Mines;  Southern 
Europe,  by  A.  C.  Spencer,  of  the  U.  S.  Geological  Survey;  China,  by  H. 
Foster  Bain,  of  the  U.  S.  Bureau  of  Mines;  Alsace-Lorraine,  by  Sidney 
Paige,  of  the  U.  S.  Geological  Survey. 


Br^C.  Harder 

During  the  years  immediately  preceding  the  war,  the  iron  ores  of  Bra- 
zil,were  attracting  the  attention  of  iron  operators  both  in  Europe  and  in 
the  United  States.  This  was  due  to  the  large  quantities  of  practically 
undeveloped  ore  available,  and  to  its  great  purity.  It  is  reasonably  safe 
to  state  that  had  capital  not  been  diverted  from  the  exploitation  of  these 
deposits  to  war  purposes,  Brazilian  iron  ores  would  probably  now  be  offered 
in  European  and  American  markets.  It  is  certain  that  after  the  war 
these  ores  will  play  a  prominent  part  in  the  economic  reconstruction  of 
Europe  and  perhaps  in  the  development  of  America. 

The  Brazilian  iron-ore  field  ranks  among  the  six  great  iron-ore  dis- 

•  U.  S.  Geological  Survey. 

t  TJ.  8.  Bureau  of  Midm. 

t  For  additional  informatioa  oa  thie  subject,  readers  are  reminded  of  the 
exhaustive  work,  "Iron  Ore  ReBources  of  the  World, "  published  by  the  XI  Interna- 
tional Geological  Congress,  Stockholm,  1910.     Two  volumes  and  Atlas. 
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tricts  of  the  world,  tbe  others  being:  (1)  The  Lake  Superior  district  of  the 
United  States;  (2)  the  Lorraine  ore  field  of  northern  France  and  Southern 
Germany;  (3)  the  magnetic  deposits  of  northern  Sweden;  (4)  the  ore 
fields  of  Oriente,  Cuba;  and  (5)  the  Wabana  ores  of  Newfoundland.  It  is 
doubtless  the  greatest  known  undeveloped  iron-ore  district  in  the  world. 

Tbe  Brazilian  iron  ores  are  situated  in  the  State  of  Minas  Geraes,  the 
center  of  the  district  being  located  about  250  miles  in  a  direct  line  west  of 
Victoria  and  about  225  miles  directly  north  of  Rio  de  Janeiro.  The  district 
is  roughly  100  miles  square  and  within  thia  area  are  in  the  neighborhood  of 
30  known  deposits  of  high-grade  iron  ore,  having  an  aggregate  tonnage 
variously  estimated  up  to  3}4  billion.  The  largest  of  the  deposits  con- 
tains, at  a  conservative  estimate,  at  least  350,000,000  tons.  There  are 
numerous  orebodies  containing  from  10  to  50  million  tons.  These  esti- 
mates of  ore  tonnages  have  been  checked  by  many  engineers.  They  are 
based  to  some  extent  on  exploration  work  but  more  largely  on  natural 
exposures,  for  the  covering  over  the  orebodies  is  scant. 

The  iron-ore  district  is-  reached  by  way  of  the  Central  of  Brazil 
Railway,  which  runs  northward  from  Rio  de  Janeiro  through  the  iron- 
ore  region  to  Pirapora,  on  Rio  Sio  Francisco.  It  cuts  the  district  into 
two  approximately  equal  parts.  The  Central  of  Brazil  has  sharp  curves 
and  steep  grades.  It  crosses  several  divides  and  was  not  planned  as  an 
ore-carrying  road.  A  new  road,  the  Victoria  a'Minas  Railway,  is  now 
under  construction  westward  from  Victoria  up  Rio  Doce  into  the  iron- 
ore  district.  When  completed  it  will  be  used  primarily  for  iron-ore 
transportation. 

The  principal  orebodies  occur  as  huge  lenses  interbedded  with  exten- 
sive layers  of  siliceous  sedimentary  iron-bearing  formation,  known  as 
itdbirite,  which  covers  many  square  miles.  There  is,  however,  another 
type  of  ore  occurring  in  surface  blanket  deposits  formed  by  the  weather- 
ing of  the  iron-bearing  formation.     This  ore  is  known  as  canga. 

The  interbedded  ore  lenses  consist  of  both  hard  ore  and  soft  ore.  The' 
former  is  of  uniformly  high  grade,  averaging  about  69  per  cent,  metallic 
iron,  being  low  in  silica,  and  generally  containing  less  than  0.02  per  cent, 
phosphorus.  The  soft  ore  contains  from  60  to  68  per  cent,  metallic  iron, 
depending  on  the  amount  of  silica  present,  and  from  0.01  to  0.07  per  cent, 
phosphorus.  The  canga  ores  are  of  lower  grade,  ranging  up  to  65  per  cent, 
in  metallic  iron  and  carrying  from  0.1  to  0.3  per  cent,  phosphorus.  More 
than  500  analyses  of  various  classes  of  ores  and  covering  many  deposits 
have  been  made  by  one  company  alone. 

That  iron  ores  existed  in  Brazil  has  been  known  for  many  years.  The 
early  gold  discoveries  in  Minas  Geraes,  made  more  than  200  years  ago, 
were  in  the  iron-ore  district.  In  fact,  many  of  the  gold-mining  operations 
were  in  the  u-on-bearing  formation  itself,  in  which  gold  occurs  dissemi- 
nated through  soft  itabirite.    Later  the  manganese  ores  of  Brazil  also 
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were  discovered  ia  the  same  region,  and  locally  were  directly  aseociated 
with  tbe  iron-bearing  formation. 

That  the  iron  ores  themselves  might  be  of  value,  however,  was  not 
suspected  untO  recent  years,  due  to  a  number  of  factors,  such  as :  (1) 
The  small  demand  for  iron  and  steel  products  in  Brazil,  due  to  its  still 
largely  undeveloped  industrial  condition;  (2)  lack  of  coal  suitable  for 
iron  manufacture  in  Brazil  and  neighboring  countries;  (3)  the  distance  of 
the  deposits  from  the  coast,  making  the  exportation  of  the  ore  a  difficult 
problem. 

About  8  years  ago.  Dr.  Derby,  then  director  of  the  geological 
bureau  of  tbe  Brazilian  Government,  called  attention  to  these  great 
reserves  of  iron  ore  at  the  Stockholm  Geological  Congress,  Shortly 
before  this,  English  capitalists  had  made  some  initial  purchases  of  iron- 
ore  lands,  and  immediately  thereafter,  doubtless  in  part  due  to  the 
publicity  referred  to,  engineers  of  various  nationalities  began  actively  ex- 
ploiting the  deposits.  In  less  than  5  years  all  but  a  few  of  the  deposits 
were  in  the  hands  of  English,  American,  French,  and  German  interests, 
whereas  previous  to  1910  nearly  all  had  been  owned  by  native  Brazilians. 
When  the  war  began  the  development  of  the  deposits  was  going  on 
actively,  but  it  soon  began  to  decrease  in  vigor,  and  gradually  stopped. 

This  being  the  general  situation  with  regard  to  the  Brazilian  iron  ores, 
the  question  arises  as  to  what  use  will  eventually  be  made  of  these  ores 
and  how  they  will  affect  the  iron  and  steel  industry  of  the  world.  In 
general,  the  Brazilian  ore  region  may  be  compared  to  tbe  Lake  Superior 
district  as  it  was  50  or  60  years  ago.  There  is  one  great  difference,  how 
ever,  that  the  Lake  Superior  ores  were  then  in  the  midst  of  a  rapidly 
developing  country  within  easy  reach  of  some  of  the  richest  coal  fields  in 
the  world,  while  the  Brazilian  ores  are  in  a  region  where  there  is  no  coal 
suitable  for  iron  manufacture,  and  in  a  country  which  has  not  yet  reached 
the  stage  of  development  when  iron  and  steel  in  large  quantities  are  being 
consumed.  These  factors  necessitate  the  exportation  of  the  iron  ores  to 
countries  where  coal  is  abundant  and  where  manufactured  products  of 
iron  and  steel  are  used  in  large  amounts. 

The  absence  of  rich,  extensive  coal  fields  in  South  America  has  been  a 
great  handicap  to  the  development  of  Latin  American  countries.  In  only 
a  few  districts  are  coal  mines  being  operated  to  any  extent.  The  princi- 
pal coal  regions  are  the  sub-bituminous  coal  fields  of  southern  Chile,  the 
sub-bituminous  and  bituminous  coal  basins  of  northern  Peru,  Colombia 
and  Venezuela,  and  the  bituminous  eoal  district  of  southern  Brazil.  The 
latter  is  the  only  coal  region  within  reasonable  distance  of  the  iron-ore 
district  and,  unfortunately,  the  coal  is  rich  in  pyrite.  Frequent  rumors  of 
extensive  coal  beds  in  the  Amazon  valley  have  so  far  not  been  shown  to 
be  well  founded. 

The  past  history  of  the  iron  industry  has  shown  that  wherever  iron-ore 
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fields  have  been  developed  the  movement  of  the  ore  has  been  in  the  direc- 
tion of  the  fuel-producing  centers.  It  is  less  wasteful  to  carry  iron  ore  to 
fuel  than  to  carry  fuel  to  iron  ore,  and  thus  practically  all  of  the  great  iron 
and  steel  manufacturing  centers  of  the  world  have  been  established  in  or 
near  coaJ  fields.  At  times,  after  years  of  progress,  there  is  a  movement  in 
the  other  direction,  such  as  we  notice  today  in  the  establishment  of  manu- 
facturing plants  in  the  upper  Great  Lakes  region,  but  such  a  movement  is 
usually  more  or  less  artificial  and  does  not  form  part  of  the  natural  course 
of  development  in  any  large  degree. 

The  Brazilian  iron  ores,  by  being  exported,  can  therefore  never 
benefit  Brazil  as  they  would  if  fuel  could  be  brought  to  the  iron-ore 
field.  The  Brazilian  Government  is  much  concerned  about  the  future 
exportation  of  this  great  natural  resource,  but  it  is  now  generally  recog- 
nized that  this  is  inevitable.  Some  years  ago  concessions  were  granted 
giving  large  bonuses  on  manufactured  products  to  persons  who  would 
establish  iron  and  steel  producing  plants  in  Braiil.  In  this  maimer  it  was 
hoped  that  a  domestic  iron  industry  might  be  started.  But  no  capital- 
ists have  availed  themselves  of  these  offers,  as  it  is  generally  recognised 
that  an  industry  based  on  such  bonuses  is  purely  artificial.  Perhapsi 
however,  it  may  be  possible  to  operate,  without  loss,  plants  of  sufficient 
capacity  to  supply  the  domestic  needs  if  such  operations  are  hnked  with 
the  exportation  of  ores. 

As  the  absence  of  suitable  coal  makes  the  utilization  of  the  ores  in 
Brazil  impracticable,  so  the  inaccessibility  and  the  transportation  diffi- 
culties have  delayed  their  development  for  export  purposes.  Even  now 
prominent  engineers  do  not  believe  that  Brazifian  iron  ores  can  be  landed 
in  Europe  or  on  the  Atlantic  seaboard  of  the  United  States  at  a  profit. 
Most  of  the  engineers  who  have  carefully  studied  the  situation,  however, 
are  confident  that  by  efficient  management  it  can  be  done. 

As  has  been  stated,  English,  American,  French,  German,  and  Brazil- 
ian capital  is  largely  concerned  in  the  ownership  and  exploitation  of  the 
deposits.  The  English  and  Americans  are  most  heavily  interested  and, 
with  one  or  two  exceptions,  control  all  the  deposits  in  the  upper  Rio  Doee 
basin  which  will  be  tributary  to  the  new  Victoria  a'Minas  Kailroad.  The 
Germans  own  two  or  three  deposits  in  the  Kio  Silo  Francisco  Valley 
tributary  to  the  Central  of  Brazil  Railway.  French  and  Brazilians 
own  scattered  deposits. 

The  Central  of  Brazil  Railway  is  hardly  capable  of  handling  the  man- 
ganese-ore traffic  at  the  present  time,  amounting  to  approximately  500,000 
tons  annually.  That  it  will  be  able  to  haul  iron  ore  in  any  considerable 
quantity,  besides  the  manganese  ore,  does  not  seem  possible.  The  only 
ore  which  will  therefore  come  out  of  Brazil  for  many  years  to  come  is  the 
EngUsh,  American,  and  perhaps  some  of  the  French  ore,  and  this  ore  will 
probably  go  largely  to  English  markets  to  replace  the  gradually  decreas- 
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ing  imports  of  Spanish  and  otber  high^ade  iron  ores.  The  English 
process  of  steel  manufacture  demands  an  ore  low  in  phosphorus. 

In  the  United  States,  in  recent  years,  the  basic  open-hearth  process  of 
steel  manufacture  has  rapidly  increased  in  importance  over  the  acid 
Bessemer  process,  making  it  possible  for  American  furnaces  to  utilize 
increasingly  larger  quantities  of  ores  moderately  high  in  phosphorus. 
German  steel  works,  by  using  the  basic  Bessemer  process,  have  been  able 
also  to  utilize  high-phosphorus  ores ;  in  fact ,  a  premium  is  paid  in  Germany 
for  ores  containing  1  per  cent,  and  over  of  phosphorus.  In  both  United 
States  and  Germany,  however,  there  is  a  strong  demand  for  the  cheaply 
smelted  low-phosphorus  ores.  In  England,  acid  Bessemer  furnaces  have 
long  been  used  more  largely  than  basic  furnaces  and  as  the  supply  of 
Bessemer  ores  in  Europe  is  gradually  decreasing  English  furnace  practice 
will  have  to  change  unless  another  source  of  ore  low  in  phosphorus  is 
found. 

En^nd  has  imported  annually,  during  the  last  few  years,  about 
4,500,000  tons  of  iron  ore  from  Spain,  about  1,000,000  tons  from  northern 
Africa,  and  about  800,000  tons  from  Scandinavia.  It  is  hoped  that  the 
BraziUan  output  may  eventually  reach  10,000,000  tons  annually,  which 
will  be  sufficient  to  supply  England's  demands  for  foreign  ores  and  leave  a 
surplus  for  the  United  States  and  for  other  countries. 

In  the  United  States,  the  Brazilian  ores  will  probably  be  found  to  be 
very  desirable  for  mixing  with  low-grade  ores  and  more  refractory  ores  in 
the  furnace.  They  will  doubtless  also  be  used  in  the  Bessemer  process  to 
replace  the  gradually  decreasing  supply  of  domestic  Bessemer  ores.  At 
the  eastern  seaboard  furnaces  they  will  compete  with  imported  Cuban, 
Chilean  and  European  iron  ores. 

The  great  fleet  of  vessels  that  will  be  necessary  to  carry  the  Brazilian 
iron  ore  to  the  United  States  and  to  Europe  will  be  used  to  carry  return 
cargoes  to  Brazil.  This  will  offer  cheap  transportation  for  such  products 
as  coal,  iron  and  steel,  manufactured  articles,  and  cement.  It  will  aid 
greatly  in  the  industrial  development  of  that  country  and  perhaps  even- 
tually it  may  be  possible  to  operate  small  iron  and  steel  plants  in  Brazil 
to  supply  the  domestic  needs  of  iron  and  steel  products. 

SCANDINAVIA 
By  Waldemar  Lindgren 
Scandinavian  countries  have  long  been  known  for  their  supply  of 
iron  ores,  and  Sweden  more  particularly  has  been  renowned  for  a  long  time 
for  the  purity  and  excellence  of  its  iron,  I  will  discuss  the  Swedish 
iron  ores  first,  referring  first  to  the  southern  part  of  the  country,  and  then 
to  the  northern  part. 

The  southern  central  partof  Sweden  is  the  land  of  the  old  iron  mines, 
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which  for  hundreds  of  years  have  furmshed  a  moat  excellent  ore,  being 
extremely  low  in  sulphur  and  phosphorus.  There  are  a  great  number  of 
mines  there,  the  old  celebrated  mines  ot  Dannemora,  Persberg,  and  a 
number  of  others.  They  all  lie  in  one  district  extending  from  east  to  west 
across  the  country  at  about  the  latitude  of  Stockholm.  The  h^h-grade 
ores,  generally  magnetites,  occur  in  a  great  number  of  deposits,  but  the 
resources  are  relatively  small ;  the  ore  is  utilized  for  local  smelting  into 
very  high^rade  iron. 

Geologically  considered,  these  deposits  are  of  a  very  interesting  nature. 
They  occur  mainly  as  beds  in  lenses  of  limestone  or  dolomite,  which, 
again,  are  imbedded  in  dense  schistose  siliceous  rock.  They  are  pre- 
Cambrian  in  age;  most  of  the  deposits  were  formed  by  replacement  In 
limestone  and  dolomite,  at  very  high  temperatures.  The  nearest  analogy 
in  this  country  are  the  contact  metamorphic  deposits  which  we  find  In 
southern  parts  of  the  West.  Along  with  these  ores,  and  imbedded  in 
the  same  gneiss,  are  also  hematites,  in  alternating  layers.  These  have 
never  furnished  any  great  production,  and  probably  never  will;  they  are  of 
importance,  but  not  for  export.  A  great  deal  of  discussion  has  been 
carried  on  regarding  the  origin  of  these  ores;  at  the  present,  they  are  gen- 
erally considered  as  of  sedimentary  origin,  though  highly  metamorph(ffled.^ 

In  central  Sweden  there  is  a  third  group,  represented  by  only  two  or 
three  deposits,  comprising  hematite  ores.  The  leading  producer  is 
the  great  Grangesberg  mine  from  which  a  considerable  export  is  now 
carried  on.  These  deposits  contain  considerable  reserves,  [>erhaps 
100  million  tons.  These  ores  could  not  be  utilized  formerly,  but  lately 
a  railroad  has  been  built  from  the  deposits  down  to  the  Baltic  coast,  and, 
until  a  few  years  ^o,  they  were  very  largely  exported  to  Germany.  They 
occur  in  the  same  kind  of  rocks  but  in  a  different  manner,  so  that,  although 
subsequent  metamorphism  has  pretty  thoroughly  veiled  the  original 
sources,  it  is  believed  that  these  ores  are  of  igneous  origin.  They  con- 
tain a  considerable  amount  of  apatite. 

Summing  up  for  the  middle  part  of  Sweden,  we  may  say  that  the  an- 
nual production  amounts  to  perhaps  1,800,000  tons,  but  much  of  this 
comes  from  Grangesberg.  This  is  not  a  big  production  and  it  is  very 
widely  scattered.  The  total  reserves  are  not  very  large,  either;  they 
have  been  calculated  at  122,000,000  tons,  of  which  a  large  proportion  be- 
longs to  the  Grangesberg  deposit. 

Still  another  place  should  be  mentioned:  the  old  locaUty  of  Tabei^, 
which  has  great  geological  and  possibly  economical  interest.  It  isan enor- 
mous mass  of  diabase  in  which  magnetite  is  contained.  It  forms  a  knob 
sticking  up  to  a  height  of  about  300  ft.  and  is  visible  for  along  distance  from 

'  H.  SjQgren:  The  Geological  R«lationa,  of  the  Scaadinavi&n  Iron  Oree.  Tran*. 
(1907),  88,  766 
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the  suirouading  lower  countiy.  Unfortunately,  the  ore  contains  a  few  per 
cent,  of  titanium,  which  has  interfered  with  its  utilisation,  and  at  present 
it  is  not  used.  Little  furnaces  were  there,  however,  as  much  as  a  hundred 
years  ago.  The  celebrated  chemist  Sefstrom  discovered  vanadium 
in  those  iron  ores.  The  percent^e  of  titanium  is  not  excessive  and  it  is 
believed  that  the  material  can  be  concentrated  and  worked.  That 
reserve,  which  amounts  to  a  great  many  million  tons,  is  included  in  the 
total  given  above.  For  the  world  as  a  whole,  this  deposit  presents  no 
-  particular  interest. 

It  is  altogether  difTerent  with  respect  to  the  iron  ores  in  the  northern 
part  of  Lapland,  north  of  the  Arctic  Circle.  Here,  too,  the  iron  ores  are 
contained  in  old  pre-Cambrian  rocks,  but  their  relations  are  not  so 
obscured  by  metamorphiam  as  in  the  iron  ores  of  southern  Sweden,  and 
their  mode  of  origin  can  be  more  easily  interpreted.  These  iron  ores  are 
of  the  greatest  importance  and  contain  reserves  or  developed  ore  to  enor- 
mous extent.  Altogether  these  deposits  comprise  some  10  or  15  different 
localities. 

The  first  is  the  celebrated  Kiirunavaara  deposits,  forming  a  mountain 
of  iron  ore  which  rises  to  a  height  of  about  300  ft.  above  the  lake,  of  the 
same  name.  The  second  is  the  deposit  at  Gellivare,  which  lies  about 
50  miles  further  south,  about  on  the  Arctic  Circle;  this  is  also  of  great 
size.  Then  there  are  about  ten  other  places,  many  of  them  containing 
developed  iron  ores  to  the  amount  of  10  or  20  or  50  million  tons.  Al- 
together the  iron-ore  resources  of  Lapland  are  calculated  at  1,150,000,000 
metric  tons;  of  this  amount,  something  like  750,000,000  tons  is  credited  to 
Kiirunavaara,  about  250,000,000  tons  to  Gellivare,  and  the  rest  of  it  is 
divided  among  the  other  minor  deposits.  A  characteristic  of  all  of  these 
iron  ores  is  that  they  are  rich  in  phosphorus.  They  all  contain  apatite, 
sometimes  in  very  beautiful  crystals.  At  Kiirunavaara  the  apatite  is 
widely  scattered  through  the  ore,  but  is  quite  inconspicuous  in  form. 

At  Kiirunavaara*  is  a  mass  of  practically  pure  magnetite,  mixed  with 
some  apatite,  which  is  exposed  continuously  from  north  to  south  for  4  km., 
rising  about  300  ft.  above  the  lake.  The  orebody  has  been  bored  to 
a  depth  of  at  least  300  m.  below  the  lake,  and  contains,  above  the  lake, 
something  like  215,000,000  tons  and  below  the  lake  about  500,000,000 
tons.  Apparently  the  deposit  does  not  contract  or  pinch  out  in  that 
depth.  Extensive  m^netic  observations  have  been  made,  which  seem 
to  show  that  the  center  of  the  body  lies  at  a  depth  of  about  1000  m.  below 
the  surface  so  there  seems  to  be  considerably  more  magnetite  than  is  con- 
tained in  the  prisms  calculated  to  a  depth  of  300  m.  This  plate  of  mag- 
netite lies  between  two  sheets  of  igneous  rocks,  both  referred  to  as  syenite. 

'  See  "Iroo  Ore  Resources  of  the  World,"  XI  Interaational  Geological  Congreaa 
Stockholm,  IRIO,  %  558. 
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The  mode  of  origin  of  the  iron  ore  baa  been  the  subject  of  a  great 
deal  of  discussion.  At  present,  most  geoli^ists  consider  it  to  be  a  dike, 
developed  from  a  magma  which  rested  far  be^ow  the  surface,  and  then? 
had  time  to  differentiate  into  an  iron-rich  and  an  iron-poor  part;  the  iron- 
rich  part  was  ihen  forced  up  between  these  sheets  of  syenite  porphyry 
and  formed  this  great  ridge  now  standing  up  above  the  surrounding 
country.  The  ores  differ  in  their  phosphorus  contents;  a  little  of  it  is 
of  Bessemer  grade  (0.05  per  cent-  phosphorus),  but  the  bulk  of  the  ore 
contains  about  58  per  cent,  of  iron  and  from  1.5  to  3  per  cent,  of  phos- 
phorus, as  apatite.  There  are  no  other  minerals  present.  The  richest 
ores  run  about  68  per  cent,  in  metallic  iron. 

The  development  of  this  great  deposit  ha.s  been  made  possible  by  a 
railway  which  runs  down  to  Lulea  on  the  Baltic  in  the  east,  and  down 
to  Narvik,  one  of  the  Norwegian  fiords,  on  the  west  side.  Immense 
docks  have  been  built  at  both  places,  and  export  was  proceeding  at  an 
intense  rate,  both  to  Germany  and  to  England.  The  last  accounts  indi- 
cate that  the  annual  production  of  iron  ores  in  Sweden  amounts  to 
6  or  7  million  tons,  of  which  the  great  majority,  say  5,000,000  tons,  comes 
from  northern  Sweden,  of  which,  in  normal  times,  perhaps  one-third  went 
to  England  and  two-thirds  went  to  Germany. 

The  second  of  these  great  deposits,  Gellivare,  is  in  many  respects 
similar  to  Kiirunavaara.  It  is  contained  in  rocks  which,  though  of  the 
same  general  kind,  are  yet  different,  inasmuch  as  they  have  been  meta- 
morphosed and  made  schistose.  Gellivare  consists  of  a  series  of  lenses 
of  magnetite  in  schist,  which  has  been  subjected  to  great  pressure.  The 
reserves  are  about  250,000,000  tons  and  the  deposits  are  nowbeing  worked. 
The  other  deposits  are  of  less  interest;  some  of  them  contain  as  much  as 
50,000,000  tons,  but  they  are  small  compared  to  these  two  giants. 

Mining  was  formerly  conducted  at  both  Kiirunavaara  and  Gellivare 
by  open  cuts,  but  more  recently  they  have  substituted  underground 
work  for  open  cuts  at  Kiirunavaara,  which  were  quite  a  hardship  in  the 
wintry  climate,  and  at  present  most  of  the  working  is  underground;  this 
same  plan  of  operation  was  in  contemplation  for  Gellivare. 

Passing  over  to  Norway ,  until  recently  the  production  of  iron  has  been 
small;  the  latest  statistics  show  that  only  about  600,000  tons  were  pro- 
duced in  a  year,  but  this  does  not  prove  that  the  resources  are  small. 
In  southern  Norway  there  are  some  deposits  which  correspond  to  those 
of  middle  Sweden,  but  they  are  of  no  international  importance.  In  the 
northern  part  of  Norway  are  three  districts  which  are  of  special  interest, 
and  each  of  them  differs  a  great  deal  from  any  of  those  which  have  yet 
been  mentioned. 

The  first  one  is  located  at  Sydvaranger,  a  part  of  Norway  which  ad- 
joins Finland,  on  one  of  the  fiords  which  extends  to  the  Arctic  Ocean. 
Here  the  rocks  also  are  pre-Cambrian.     The  prevailing  formatioa  is 
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granite,  but  in  this  are  imbedded,  for  a  distance  of  about  20  km.,  a  great 
number  of  lenses  of  mf^netite.  These  are  peculiar;  they  consist  of  an 
alternation  of  thin  layers  of  quartzose  gangua  and  magnetite,  which  have 
been  folded  and  compressed  to  a  most  extraordinary  degree.  Here,  also, 
the  geologists  have  differed  considerably;  some  consider  these  magnetites 
to  be  of  magmatic  origin,  but  I  think  they  were  probably  originaliy  in  a  sedi- 
mentary formation  which  has  been  surrounded  by  granite  and  gradually 
metamorphosed.  The  ores  are  low-grade,  but  there  are  about  100,000,- 
000  tons  available,  and  it  is  probable  that  they  will  be  able  to  concentrate 
this  material  by  magnetic  processes;  in  fact,  1  have  reason  to  believe  that 
the  last  production  from  Norway,  about  600,000  tons,  was  lai^ly  ob- 
tained by  that  method.  The  mioing  practice  is  to  take  the  35-per  cent, 
ores  by  open  cuts,  and  to  mine  underground  those  parts  which  contain 
60-per  cent,  iron,  which  will  amount  to  about  15,000,000  tons. 

To  the  south  or  southwest  of  Sydvaranger,  on  the  Lofoten  Islands, 
are  a  number  of  hills  that  jut  out  from  the  coast  of  Norway,  and  a  great 
many  deposits  are  found  very  similar  to  those  that  I  have  just  described, 
but  none  of  them  is  of  very  great  importance. 

The  last  of  the  important  deposits  of  Scandinavia  are  those  of  Dunder- 
landstal;  this  is  one  of  the  fiords  that  cut  into  the  coast  of  Norway. 
Here  we  have  about  150,000,000  tons  of  iron  ore  available  by  open-cut 
workings.  They  probably  will  not  average  more  than  35  per  cent,  iron, 
and  as  the  ore  contains  hematite,  a  great  deal  of  capital  has  been  sunk 
on  experiments  to  discover  a  method  of  concentration.  Of  the  quantity 
available  there  can  be  no  doubt. 

The  Dunderlandstal  hematite  ores  are  of  sedimentary  origin,  of  Cam- 
brian age,  and  are  younger  than  any  of  the  previously  described  deposits. 
They  consist  of  well  defined  beds  imbedded  in  limestone  and  somewhat 
metamorphosed  sandstone. 

In  conclusion,  I  repeat  that  the  total  prospective  iron-ore  supply  of 
Norway  is  about  218,000,000  tons,  and  that  of  Lapland  1,200,000,000 
tons.  The  most  important  Scandinavian  deposits;  therefore,  are  Gelli- 
vars  and  Kiirunavaara,  in  Sweden. 

CUBA 

By  C.  M.  Weld 

Cuba,  with  its  3,000,000,000  tons  of  iron  ore,  holds  a  very  important 
place  in  the  worid'a  iron-ore  resources.  Nearly  90  per  cent  of  this  enor- 
mous tonnage  is  comprised  by  the  soft  ores  of  the  north  coast  of  Oriente 
Province.  There  are  less  important  areas  of  soft  ores  in  Camaguey 
Province  and  in  Pinar  del  Rio,  while  the  reserves  of  hard  ore  found  on  the 
south  coast  of  Oriente  are  estimated  to  be  only  about  5,000,000  tons. 
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Occurrence  and  Extent  of  Ore 

The  broad  mountainous  belt  of  country  which  followa  the  north  coast 
of  Oriente  from  Nipe  Bay  to  Baracoa  is  underlain  by  serpentine,  with  an 
occasional  coastal  fringe  of  limestone.  Lateritic  weathering  of  the  serpen- 
tine has  produced  very  extensive  surface  blankets  of  residual  iron  ore. 
The  direct  derivation  of  this  ore  out  of  the  serpentine  has  been  repeatedly 
described*  and  need  oot  be  further  discussed  here. 

Tremendous  as  these  blankets  appear  to  be  in  horizontal  extent, 
they  do  not  in  fact  cover  more  than  a  small  proportion,  much  less  than 
10  per  cent,  of  the  entire  serpentine  area.  They  have  been  allowed  to 
accumulate  here  and  there  on  more  or  less  flat  or  gently  sloping  table- 
lands; elsewhere  erosion  has  removed  them  as  fast  as  they  have  been 
formed. 

There  are  three  localities  where  the  topographic  conditions  have  per- 
mitted very  extensive  accumulations  of  ore.  These  have  been  recognized 
as  so-called  iron-ore  districts  and  have  been  named,  from  west  to  east, 
the  Mayari,  the  Levisa,  and  the  Moa  fields.  In  my  paper  of  some  years 
ago*  I  distii^uished  also  the  Taco  and  Navas  fields,  but  I  now  include 
these  two  in  the  Moa  field.  Between  these  fields  there  are  immense 
stretches  of  barren  serpentine,  with  occasional  caitos  or  islands  of  ore 
having  little  importance. 

The  ore  blankets  sometimes  extend  horizontally  for  several  miles 
without  a  break.  In  thickness  they  vary  from  a  foot  or  less  up  to  60  or 
70  ft.;  one  drill  hole  was  over  100  ft.  deep  in  ore  before  reaching  the 
underlying  serpentine.  The  averse  depth  is  from  15  to  25  ft.;  there  is 
absolutely  no  cover.  While  the  ores  naturally  vary  greatly  from  place 
to  place,  owing  not  only  to  their  degree  of  laterizatlon  but  also  to  the 
nature  of  the  immediately  underlying  parent  rock  from  which  they  have 
been  derived,  they  all  show  essentially  the  same  characteristics.  These 
are,  more  particularly,  high  contents  of  both  hygroscopic  and  combined 
water,  high  alumina,  and  persistent  contents  of  nickel  and  chromium. 
The  nickel  is  always  at  least  from  0.5  to  1  per  cent,  and  may  rise  as  high 
as  1.5  per  cent.  The  chromium  hovers  with  equal  persistence  around 
1.5  per  cent.  Iron,  silica,  and  alumina  vary  between  wide  limits.  In 
what  is  generally  ranked  as  ore,  the  iron  (sample  dried  at  212"  F.)  will  run 
from  40  to  50  per  cent.,  averaging  about  46  per  cent.;  alumina,  from  6  to 
14  per  cent.;  and  silica  from  2  to  6  per  cent.  Phosphorus  is  always  well 
below  the  Bessemer  limit,  and  sulphur  is  negligible. 

The  Mayari  field  lies  15  miles  south  of  Nipe  Bay.     Nearly  40,000 

'See  Bulletin  No.  135  (March,  191S)  670,  for  diecussion  of  this  subject,  and  & 
bibliography  of  other  papers  relating  to  Cuban  iron  ores. 
*  Traiu.  (1909)  40.  299-312. 
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acres  have  been  taken  up,  all  by  the  Spanish-American  Iron  Co.,  a  Bub- 
Bidiary  of  the  Pennsylvania  Steel  Co.,  and  therefore  now  owned  by  the 
Bethlehem  Steel  Co.  These  40,000  acres  are  estimated  to  contain  600,- 
000,000  tons  of  ore,  of  which  about  530,000,000  carry  over  40  per  cent, 
metallic  iron.  This  field  is  the  only  one  that  has  been  operated.  I  will 
return  to  it  shortly. 

The  Levisa  field  lies  some  ]  5  miles  east  of  the  Mayari  field  and  from  5 
to  10  miles  south  of  an  excellent  deep-water  harbor  known  as  Levisa  Bay. 
The  Guantanamo  Exploration  Co.  holds  all  the  ore-bearing  areas  of  im- 
portance on  this  field,  its  estimated  tonnage  being  about  75,000,000 
averaging  over  45  per  cent.  iron. 

The  Moa  field  is  by  far  the  lai^est  of  the  three.  It  lies  immediately 
Bouth  of  the  splendid  harbor  of  Moa  Bay,  the  ore  at  many  places  extend- 
ing to  the  water's  edge.  The  field  stretches  12  to  15  miles  inland,  and 
possibly  30  miles  from  west  to  east.  It  lies  roughly  50  miles  east  from 
Nipe  Bay. 

It  is  not  to  be  understood  that  this  entire  area  of  some  400  square 
miles  is  covered  by  iron  ore,  although  well  over  half  of  it  is  actually  under 
denouncement.  The  mioing  claims,  however,  include  a  great  deal  of 
barren  territory.  They  also  include  large  areas  of  very  lean  ore,  locally 
called  salmon  ore  on  account  of  its  pink  color,  which  runs  only  about  30 
per  cent,  in  iron. 

There  are  five  large  interests  on  the  Moa  field  and  a  number  of  small 
isolated  holdings.  The  following  summary  of  their  estimated  respective 
reserves  is  compiled  from  several  sources : 

1.  The  Bethlehem  Steel  Co.,  which  mcludes  the  Spamsn-American 
Iron  Co.  and  the  Bethlehem  Mines  Co.,  holds  78,500  acres,  containing 
1,170,000,000  tons  of  ore. 

2.  The  Midvale  Steel  Co.,  by  virtue  of  its  ownership  of  the  Buena 
Vista  Iron  Co.,  holds  19,840  acres,  containing  300,000,000  tons  of  ore.     ' 

3.  The  Guantanamo  Exploration  Co.  holds  7152  acres,  containing 
155,000,000  tons  of  ore. 

4.  The  United  States  Steel  Corporation  holds  15,000  acres,  estimated 
to  contain  210,000,000  tons. 

5.  The  Eastern  Steel  Co.  owns  10,188  acres,  estimated  to  contain  50,- 
000,000  tons;  and  various  individuals  hold  some  50,000  acres,  containing 
probably  about  100,000,000  tons  of  merchantable  ore. 

This  makes  a  grand  total  of  1,985,000,000  tons  of  ore  for  the  Moa 
Bay  field.  I  have  mentioned  that  these  mines  in  some  cases  include  a 
great  deal  of  lean  ore  which  would  not  be  classed  aa  over  40  per  cent.  Of 
this  nearly  2,000,000,000  tons  I  estimate  that  there  are  about  1,672,000,- 
000  tons  which  would  run  over  40  per  cent.  If  we  add  the  three  places 
together,  Moa,  Levisa  and  Mayari,  we  find  a  total,  in  Oriente  Province,  of 
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approximately  2}^  billion  tons  of  all  ores  and  about  2,000,000,000  tona  of 
ore  exceeding  40  per  cent.  iron. 

I  have  referred  to  other  areas  of  these  ores  in  Camaguey  and  Pinar 
del  Rio  Provinces.  The  ores  of  these  two  provinces  resemble,  in  all  their 
essential  characteristics,  the  Oriente  soft  ores.  Of  the  Camaguey  (San 
Felipe)  ores  there  are  estimated  to  be  400,000,000  tons  with  40  per  cent. 
metallic  and  50,000,000  tons  with  45  per  cent,  metallic  iron.  The  Pinar 
del  Kio  field  contains  about  40  000,000  tons  of  ore  which  will  probably 
average  slightly  over  40  per  cent,  metallic  iron. 

The  grand  total  for  the  Island  of  Cuba  thereby  becomes  3,000,000,000 
tona  of  all  ores,  of  which  approximately  2  5-^  billion  tons  exceed  40  per  cent, 
of  metallic  iron  (dry  basis).  The  total  tonnage  in  its  undried  condition 
carries  about  33  per  cent,  metallic  iron.  We  may  therefore  say  that 
Cuba's  iron-ore  resources  represent  1,000,000,000  tons  of  metallic  iron. 

These  are  enormous  figures  and  very  naturally  doubt  at  once  enters 
one's  mind  regarding  their  reliability.  The  answer  must  be  that  the 
estimates  are  based  on  abundant  prospecting,  including  thousands  of 
drill  holes  and  many  more  thousands  of  samples.  I  have  explained  that 
the  ores  lie  as  a  surlace  blanket  with  absolutely  no  cover.  The  horizontal 
measurements  are  therefore  easily  determined ;  and  the  depth  and  quality 
are  determined  by  a  very  simple  method  of  drilling.  Wherever  areas, 
previously  estimated,  have  been  re-checked  by  close  drilling  or  by  actual 
mining,  the  reliability  of  the  prospecting  has  been  amply  confirmed. 
The  drilling  is  done  with  hand  augers,  at  a  cost  of  from  2  to  2.5  c.  per  foot. 
A  party  of  three  men  will  progress  at  the  rate  of  about  30  ft.  per  hour  with 
average  conditions. 

Mining  and  Marfceting 

Since  mining  operations  have  been  conducted  only  at  Mayari,  that 
field  must  furnish  us  with  our  intormation. 

It  will  readily  be  appreciated  that  thesesoft  clay-like  ores  offer  an 
ideal  subject  for  machine  mining.  The  Spanish-American  Iron  Co. 
is  now  using  Bucyrus  drag-line  excavators  with  3-yd.  buckets  and  70-ft. 
booms.  These  machines,  working  continuously,  can  load  fourteen  50-ton 
cars  per  hour.  Needless  to  say,  this  capacity  is  never  actually  reached  in 
practice,  but  the  actual  digging  costs  are  very  low.  It  seems  notimpos- 
sible  that  still  better  might  be  done,  and  at  the  same  time  some  inherent 
difficulties  of  transportation  eliminated,  by  hydraulicking  these  ores, 
I  have  myself  made  some  preliminary  small-scale  tests  in  this  direction, 
which  have  given  promise. 

I  have  spoken  ot  the  large  content  of  water  which  is  typical  of  these 
ores.  The  hygroscopic  water  amounts  to  from  20  to  30  per  cent.,  gener- 
ally about  25  per  cent.,  and  the  combined  water,  at  212°  F.,  is  about  13 
per  cent.     The  total  water  is  therefore  about  35  per  cent.,  or  over  one- 
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third  the  weight  of  the  ore  in  the  ground.  It  is,  of  course,  highly  de»r-  . 
able  to  eluninate  this  water  before  shipping.  For  thia  purpose,  and  also 
to  improve  the  physical  condition  of  the  ore  so  as  to  minimize  dust  losses 
in  the  blast-furnace,  the  Spanish-American  Iron  Co.  adopted  nodulizing 
kilns  of  large  dimensions,  resembling  cement  kilns.  Since  that  time, 
very  successful  nodulizing  or  sintering  tests  have  been  carried  out,  both 
with  Greenawalt  and  Dwight-Lloyd  machines,  and  it  seems  not  improb- 
able that  considerable  economies  might  result  by  using  a  sintering  ma- 
chine rather  than  a  nodulizing  kiln. 

The  present  practice  at  Mayari  is  to  produce  nodules  with  90  per  cent, 
on  10  mesh.  The  composition  of  these  nodules  averages  about  as  follows: 
iron,  55  per  cent.;  silica,  about  4.5;  alumina,  about  13;  chromium,  about 
2;  nickel,  about  1  per  cent.  Phosphorus  is  way  below  the  Bessemer 
limit  and  sulphur  is  practically  neghgible. 

Up  to  1917,  about  23-^  million  tons  of  nodules  had  been  produced  and 
shipped  to  Sparrows' Point;  th's  represented  7  years'  operation.  The 
maximum  output  was  in  1913,  when  491,713  tons  were  shipped.  The 
present  maximum  capacity  of  the  plant  is  about  500,000  tons  yearly, 
Since  1913,  however,  bad  times  and  more  recently  lack  of  ships  have 
restricted  the  output.  Before  the  war,  sea-freight  cost  85  c.  per  ton, 
including  stevedore  charges. 

As  to  costs,  I  may  quote  Mr.  Rand's  testimony  given  in  the  Steel 
Corporation  suit.  His  statement  was  that,  with  Mayari  working  to  ca- 
pacity, the  nodules  could  be  delivered  on  Atlantic  seaboard  for  less  than 
5c.  per  unit;  which  may  be  assumed  to  be  about  $2.50  per  ton.  This,  of 
course,  was  several  years  ago,  and  labor  costs  have  risen  in  Cuba  as  well 
as  elsewhere.  The  rise  in  the  cost  of  fuel  would  also  have  to  be  con- 
sidered in  any  estimate  of  today's  probable  costs.  Sea-freights  consti- 
tute a  problem  in  themselves. 

Metallurgical  PracHce 

The  metallurgist  who  is  not  familiar  with  what  has  actually  been 
done  with  these  ores  might  look  askance  at  the  high  alumina  and  the 
chromium.  On  the  other  hand,  he  would  no  doubt  readily  admit  the 
peculiar  values  which  the  nickel  and  chromium  would  give  to  the  steel 
made  from  them. 

The  2,500,000  tons  of  nodules  which  have  been  shipped  to  this 
country  have  all  been  smelted  and  converted  into  iron  and  steel,  chiefly 
at  Sparrows  Point,  but  also  to  some  extent  at  Steelton.  That  entire 
success  had  been  attained  with  them  was  shown  by  Richard  V.  McKay' 
some  3H  years  ago.  At  that  time  he  recorded  that  a  mixture  containing 
a  Uttle  over  60  per  cent,  of  Mayari  nodules  was  being  smelted  on  a  fuel 

'  Year  Book  of  the  American  Iron  and  St«el  Inetitute  (1914),  85. 
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ratio  of  practically  1  to  I,  and  he  bad  nothing  but  praise  for  the  slag. 
Continuous  runs  bave  been  made  for  months  with  100  per  cent.  Mayari 
ore. 

The  resulting  pig  iron  is  very  similar  to  Spiegel  in  appearance,  show- 
ing a  white  crystalline  fracture  with  no  grain.  A  peculiar  feature  is  the 
high  amount  of  combined  and  the  low  amount  of  graphitic  carbon.  It 
contains  practically  all  the  nickel  and  most  of  the  chromium  in  the  ore, 
low  silicon,  very  low  phosphorus,  and  small  amounts  of  titanium  and 
vanadium.     These  latter  increase  with  the  silicon. 

In  its  natural  condition,  this  pig  is  useful  only  for  steel  making.  It 
has  been  shown,  however,  that  as  a  mix  with  other  irons  it  is  extremely 
useful  for  castings,  improving  the  chill  and  giving  increased  hardness  and 
strength,  while  increasing  only  slightly  the  power  required  to  machine  it. 
With  all  sorts  of  chilled  castings,  particularly  rolls,  guides,  crusher  plates, 
ear  wheels,  and  other  products  subject  to  hard  wear,  mixtures  including 
from  15  to  40  per  cent.  Mayari  pig  have  given  tremendously  increased 
service. 

Mayari  Steel 

In  making  steel  with  Mayari  pig,  the  duplex  process  is  used.  This 
process  as  carried  out  at  Sparrows  Point  has  been  fully  described  by  F.  F. 
Lines.*  It  will  be  enough  to  say  here  that  the  results  have  been  entirely 
satisfactory.  A  large  part  of  the  chrome  is  slagged  off  and  a  steel  of 
superior  quality  is  produced,  containing  from  1  to  1.5  per  cent,  of  nickel, 
and  from  0.2  to  0.7  per  cent,  chromium,  as  desired.  Sulphur  and  phos* 
phorus  are  below  0.04  per  cent.  This  steel  may  be  forged,  rolled,  and 
machined  as  easily  as  carbon  steel,  and  has  from  8000  to  10,000  lb.  per 
sq.  in.  higher  tensQe  strei^h  and  elastic  limit.  Mayari  rails  have  been 
tested  in  positions  where  the  service  was  particularly  hard  and  have  given 
excellent  results. 

In  Paper  No.  108  of  the  International  Engineering  Congress  of  1915, 
there  is  an  interesting  discussion  of  the  use  of  Mayari  steel  in  the  Mem- 
phis bridge.  A  series  of  tests  is  given  showing  an  elastic  limit  for  large- 
size  angles  of  59,000  lb.  and  a  tensile  strength  of  94,500  lb.  per  sq.  in. 
Elongation  and  reduction  of  area  also  generously  exceeded  the  specifica- 
tions, which  were  1 ,600,000  -^  T.8.  for  the  former,  and  30  per  cent,  for 
the  latter. 

But  Mayari  steel  shows  its  excellent  qualities  more  particularly  when 
heat-treated.  By  simple  quenching  in  oil,  track  bolts  are  made  with  a 
tensile  strength  of  100,000  lb.  For  eye-bars,  springs,  crank-ahafts,  and 
all  sorts  of  automobile  parts,  this  steel  is  particularly  useful.  Being  a 
natural  alloy,  there  is  not  the  same  degree  of  segregation  as  when  nickel 

•  Tram.  (1915)  68,  357. 
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or  other  constituents  are  artificially  added.  S,  W.  Parker  has  published^ 
an  interestii^  comparison  between  heat-treated  Mayari  and  3.5-per  cent, 
nickel  steels,  which  is  moat  favorable  to  Mayari  steel.  He  finds  that  the 
one  may  generally  be  substituted  for  the  other. 

In  closing,  I  may  emphasize  the  peculiarly  excellent  qualities  of  the 
materials  which  may  be  produced  out  of  these  Cuban  soft  ores,  of  which 
there  are  such  enormous  reserves.  Mayari  has  but  served  as  an  example. 
The  other  fields  will  give  exactly  the  same  results.  The  ores  themselves 
can  be  cheaply  produced  and  offer  no  metallurgical  difficulties  which  have 
not  lon^  been  overcome  in  actual  practice.  When  the  world's  shippit^ 
problem  has  once  more  been  settled,  these  Cuban  ores  will  be  among  the 
most  available  iron  resources  of  the  several  countries  borderiiyj  on  the 
Atlantic  Ocean,  including  the  United  States. 

SOUTHBRK  EUROPE 
Br  A.  C.  Spencer 

In  presentii^  a  rude  picture  of  the  iron-ore  reserves  of  the  region 
surrounding  the  Mediterranean,  I  will  not  touch  on  the  Lorraine  problem, 
but  will  include  the  remainder  of  France.  The  International  Geological 
Coogreas,  in  ]910,  gives  as  an  estimate  of  the  iron  oresinFrance3,300,000,- 
000  tons,  of  which  3,000,000,000  are  assigned  to  French  Lorraine,  leaving 
300,000,000  for  the  remainder  of  France.  Since  those  estimates  were 
made,  geologists  and  engineers  have  been  searching  France  with  more  or 
less  care,  and  other  estimates  have  been  made — how  reliable  I  am  not 
able  to  judge.  Recently,  in  one  of  our  technical  papers,  I  noticed  that 
a  German  iron  master,  in  addressing  a  meeting  of  colleagues,  made  a 
statement  which,  to  use  my  own  words,  was  to  the  effect  that  France  was 
a  d(^  in  the  manger,  as  she  had  10,000,000,000  tons  of  iron  ore  at  her 
command,  including  those  of  the  home  country  and  of  the  colonies, 
whereas  Germany  had  but  3,000,000,000;  hence  France  was  standing  in 
the  way  of  Germany  in  refusing  willingly  to  give  up  the  3,000,000,000 
tons  of  ore  in  French  Lorraine,  which  would  give  Germany  only  6,000,- 
000,000  and  stQl  leave  France  7,000,000,000.  The  conclusion  was  that 
it  would  be  only  fair  for  France  to  divide  up.  Presumably,  in  those 
circumstances,  a  country  with  which  we  are  at  war  would  be  inclined  to 
exaggerate,  so  I  suspect  he  has  combined  estimates  of  French  engineers 
and  German  engineers  with  exaggeration  enough  to  indicate  that  France 
ia  playing  a  mean  part. 

I*t  us  scale  down  that  estimate  and  allow  that,  outside  of  French 
Lorraine,  France  and  her  colonies  may  have  2,500,000,000  tons  of  iron 
ore,  and  it  is  perhaps  within  the  realm  of  possibilities.    The  new  ore 

'  Iron  Age  (June  7,  1917>   99,  1380. 

Digmzefl  by  Google 


1486       NOTES   ON    CBHTAIN   IRON-OBE    BEaOUBCES    OP  THE    WOBLD 

reserves,  now  partly  developed,  are  in  Normandy  and  Brittany.  They 
consist  of  bedded  iron  ores  of  moderate  grade,  and  rather  siliceous.  The 
most  extensive  development  took  place  just  prior  to  the  war,  largely  under 
the  influence  of  the  German  iron  masters  of  Westphalia.  Aside  from  that, 
iron  ore  on  a  small  scale  has  been  mined  in  nearly  every  department  of 
France.  They  are  scattered  about  the  plateau  of  France  and  in  the  foot- 
hills of  the  Pyrenees  and  the  Jura  Mountains. 

Afi  we  approach  the  Pyrenees  we  find  a  different  type  of  ore,  namely 
those  occurring  in  veins  and  in  many  places  as  replacements  of  limestone. 
At  the  surface  the  ores  are  limonite,  but  as  depth  is  gained  they  grade  into 
carbonate  or  a  mixture  of  limonite  and  hematite.  It  appears  that 
ores  of  this  class  may  have  more  industrial  importance  than  they 
have  been  assigned  in  the  inventory  of  the  iron  resources  of 
the  world.  They  range  along  the  slope  of  the  Pyrenees  and  extend 
into  Northern  Piedmont.  If  we  go  to  the  west  face  of  the  Jura 
Mountains,  we  find  deposits  of  rather  low-grade  surface  ores,  and  moderate 
deposits  of  metamorphosed  sedimentary  ores,  the  latter  occurring  also 
in  Switzerland. 

In  Spain,  in  the  Pyrenees,  there  are  iron  ores  of  two  types;  metamorphic 
ores  in  limestone  near  igneous  intrusions,  and  the  carbonate  type  carry- 
ing pyrite  and  other  sulphides  in  minor  amounts.  In  Spain,  the  ores 
that  have  been  inventoried  comprise  the  deposits  adjacent  to  the  Bay  of 
Biscay,  which  have  produced  the  largest  amount  of  iron  ore  up  to  the 
present  time,  if  I  remember  correctly,  an  aggregate  of  some  25,000,000 
tons.  The  maximum  annual  production  of  Spain  in  1913  was  nearly  10,- 
000,000  tons.  Elsewhere  in  the  Pyrenees  there  has  been  an  aggregate 
production,  including  the  total  of  Spain,  of  somewhere  around  33,000,000 
tons  of  iron  ore — not  a  very  large  amount.  The  reserves  were  estimated 
in  1910,  together  with  18,000,000  ass^ned  to  Portugal,  at  above  700- 
000,000  tons,  so  that  to  Spain  we  can  hardly  look  for  a  long  supply  of  the 
high-grade  iron  ores  which  haa  made  Spain  a  principal  contributor,  on  the 
one  hand  to  Great  Britain,  whose  Bessemer  steel  industry  she  has  largely 
supported,  and  on  the  other  hand  to  Germany,  to  whom  she  has  furnished 
a  very  large  part  of  such  low-phosphorus  iron  ore  as  she  has  required. 

Considered  with  reference  to  the  world's  supply,  the  iron  resources  of 
Italy  are  almost  negligible.  In  the  center  of  Italy  are  widely  separated 
deposits.  Then  in  Northwestern  Italy,  in  the  Aosta  district,  there  are 
magnetite  deposits  of  a  considerable  size,  of  about  equal  importance  with 
those  of  Elba,  which  thus  far  have  been  the  only  deposits  to  be  worked 
on  a  large  scale.  These  are  ores  of  direct  igneous  origin.  Then  in  Lom- 
bardy  there  are  some  deposits  of  a  sedimentary  nature,  but  from  the 
world's  standpoint  we  can  ignore  them.  Italy  has  neither  fuel  to  meet 
the  requirements  of  the  blast  furnace  nor  iron  ores  to  support  a  long-lived 
industry. 
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The  iron  resources  of  Austria-Hungary  are  also  moderate,  being  rated 
at  some  two  or  three  hundred  million  tons  in  the  aggregate.  In  Bosnia 
and  Herzegovina  there  are  small  deposits,  and  presumably  in  Servia 
some  moderate  deposits,  whereas  Greece  has  a  goodly  supply  for  a  small 
country,  stated  at  100,000j000  tons  of  nickeliferous  chromiferous  ores  of 
a  class  very  similar  to  the  Cuban  ores.  In  passing,  it  may  be  said  that 
some  of  the  essential  points  in  the  metallurgy  of  these  chromiferous  ores 
were  worked  out  in  connection  with  the  Grecian  ores.  These  ores  do 
not  occur  as  surface  blankets,  but  I  believe  that  it  is  not  amiss  to  state 
that  they  are  of  precisely  the  same  type  as  those  of  Cuba.  They  have 
been  covered  by  the  limestone  and  sandy  shale,  but  they  were  formed  as  a 
result  of  the  weathering. of  serpentine  rock  precisely  as  in  Cuba  and  in 
various  other  parts  of  the  world. 

This  short  outline  can  now  end  with  a  consideration  of  the  iron  ores  of 
Algeria,  and  Tunis.  All  I  can  say  of  them  is  that  iron  ores  occur  at  vari- 
ous points  along  the  Atlas  Mountains,  and  are  of  various  origins,  largely 
siderite  replacing  limestone  and,  like  the  carbonate  ores  of  France  and 
Spain,  carry  varying  proportions  of  sulphide  minerals.  They  have  been 
rated  at  between  100  and  150  million  tons  of  ores,  averaging  about  50 
per  cent,  iron,  and  in  large  part  of  Bessemer  grade. 

On  the  whole,  it  is  fair  to  say  that,  aside  from  French  Lorraine  and 
parts  of  Brittany  and  Normandy,  the  iron  reserves  of  the  countries  sur- 
rounding the  Mediterranean  do  not  measure  up  to  those  of  the  Lake 
Superior  region  or  those  of  Newfoundland,  Cuba,  or  Brazil. 

CHIHA 
By  H.  Foster  Bain 

It  has  been  customary  for  many  years  to  look  upon  China  as  contain- 
ing one  of  the  great  iron-ore  reserves  of  the  world.  This  notion  probably 
came  about  through  the  writings  of  Von  Richthoven,  who,  in  his  journeys 
through  China,  passed  through  many  regions  in  which  iron  was  made; 
particularly  in  Chih-li  he  saw  large  numbers  of  furnaces,  and  excellent 
coal,  and  came  to  the  conclusion  that  that  would  be  one  of  the  great 
iron-ore  districts  of  the  world.  At  the  time  he  went  through  this  country, 
the  world  was  still  using  small  furnaces,  such  as  those  of  which  you  will 
find  ruins  in  the  Mississippi  Valley.  Places  we  have  forgotten  about 
were  running  then,  and  also  small  local  furnaces  were  runnii^  all  over 
Europe,  so  the  conditions  were  such  as  to  give  some  justification  for  the 
opinions  he  gave. 

Recently  the  iron  ores  of  China  have  been  studied  with  considerable 
care  by  the  Japanese,  by  the  Chinese  themselves,  and  by  various  foreign 
ei^neers,  and  we  can  say  with  some  assurance  that  the  old  idea  of  iron- 
ore  reserves  is  wrong,  that  the  iron-ore  reserves  of  China  are  very  moder- 
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ate  in  compariBon  with  the  previous  notiooB  or  opinions.  In  a  general 
way,  I  may  say  that,  making  full  allowances  for  the  iron  ores  suitable  for 
treatment  by  the  native  methods,  China  still  has  to  be  classed  with  Spain 
rather  than  wiih  Brazil,  United  States,  or  the  Lorraine  district.  The  best 
estimate  that  I  am  able  to  give  you  for  the  total  of  the  iron-ore  bodies 
which  are  of  such  type,  character,  and  situation  as  to  be  suitable  for 
modem  blastfurnace  work  ia  in  the  neighborhood  of  400,000,000  tons. 
V.  K.  Ting,  the  head  of  the  Chinese  Geolt^cal  Service  and  a  very 
capable  man,  estimates  the  additional  amount  of  iron  ore  which  may  be 
worked  by  Chinese  local  furnaces  as  300,000,000  tons,  but  for  practical 
purposes  we  are  clearly  safe  in  assuming  that  the  iron  ores  of  China  are  in 
the'  neighborhood  of  400,000,000  tons. 

Of  this,  approximately  one-third  was  still  in  the  possession  of  the 
Chinese  Government  last  year;  that  is,  the  title  belonged  to  the  Chinese 
Government,  although  titles  are  in  quite  a  dubious  condition.  The 
Chinese  Goveriunent  has  been  attempting  for  some  years  to  re^tabliah 
its  right  to  the  mineral  under  the  land,  and  it  has  succeeded  fairly  well  so 
far,  at  least,  as  the  big  iron-ore  deposits  are  concerned.  Chinese-owned 
companies  held  aomethii^  less  than  one-third,  and  the  Japanese  and 
Sino-Japanese  companies  had  more  than  one-third.  In  the  whole  of 
China  there  was  not  one  single  deposit  that  belonged  to  the  nationf^s  of 
any  other  country. 

As  to  the  character  of  the  deposits,  five  types  can  be  distit^uished. 

1.  Ancient  banded  deposits.  These  contain  both  hematite  and  magne- 
tite; they  are  of  uncertain  origin  and  the  grade  is  also  open  to  dispute. 
They  occur  mainly  in  Manchuria,  and  they  are  the  ones  of  which  we  have 
heard  some  very  large  estimates.  Those  estimates  seem  to  include  the 
lean  ore  which  will  have  to  be  concentrated  to  make  it  workable,  and  in 
neariy  every  case  the  actual  amount  of  ore  which  can  be  used  directly  in 
a  furnace  is  relatively  small.  Whether  the  lean  ore  can  be  worked  on  a 
large  scale  and  concentrated  is  a  technical  question  and  such  work  runs 
into  cost  rapidly.  Some  preliminary  tests  of  magnetic  concentration  in 
one  case  did  not  work  out  favorably,  but  others  may  be  more  successful. 

2.  Sedimentary  carbonates  and  hematites,  such  as  are  in  Shan-si. 
This  is  the  type  which  Von  Riehthoven  saw.  When  the  Pekin  Syndicate 
studied  the  question  and  W.  H.  Shockley  investigated  the  field,  he  pointed 
out  that  the  individual  masses  of  ore  are  so  small  that  they  are  unfitted  to 
feed  any  modern  furnaces.  The  individual  lenses  are  3  to  6  in.  thick  and 
up  to  16  ft.  in  diameter.  This  does  not  look  very  attractive  to  a  man  who 
owns  a  modern  furnace.  In  Pao-king  and  Hu-nan  they  have  the  same 
type  of  ore  and  some  pig  is  made;  this  is  generally  marketed  in  the  form 
of  castings. 

3.  Sedimentary  Oolites. — One  such  deposit  occurs  in  Chih-li.  These 
ores  are  extensive  and  probably  valuable.    A  second  deposit  is  in  Kiang- 
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si  and  it  is  probably  too  lean;  that  is,  while  there  are  perhaps  30,000,000 
tons  of  ore  in  a  particular  place,  the  bulk  of  it  is  probably  too  lean  to  work. 
The  story  of  genesis  there  seemB  to  be  exactly  the  same  as  in  the  Mesabi 
districts  but  the  leaching  and  enriching  has  not  gone  so  far,  so  that  we 
can  hardly  look  for  any  considerable  deposits  of  ore  there. 

4.  The  most  important  is  the  contact  metamorphic  type  in  the  Yang- 
tze Valley.  In  the  opinion  of  Dr.  J.  G.  Anderseon,  these  ores  are  found 
only  around  the  edge  of  lacolites.  The  deposits  vary  considerably  in 
character  and  grade,  and  a  number  of  them  are  workable.  It  is  difficult 
to  make  exact  estimates  of  contact  deposits  without  very  accurate  pros- 
pecting, which  has  not  taken  place. 

5.  Residual  Deposits. — There  are  brown  ores  in  the  Yang-tze  Valley 
and  probably  there  is  a  larger  amount  of  brown  iron  ore  in  the  southern 
part  of  China  than  has  been  appreciated,  but  it  is  very  likely  in  small 
scattered  deposits  and  in  conditions  not  very  favorable  for  development. 

I  can  cite  one  or  two  examples  of  the  way  these  estimates  scale  down 
on  examination  in  the  field.  You  have  all  seen  estimates  of  an  iron  de- 
posit of  f\i-kien;  it  ia  usually  given  as  10,000,000ton6  of  iron  ores.  Exami- 
nation of  that  deposit  showed  a  maximum  of  2,000,000  or  2,500,000  tons 
of  ore,  and  that  a  large  amount  of  black  porphyry  had  been  confounded 
with  iron  ore.  There  are  three  recent  estimates  of  the  Tayeh  deposits  (at 
one  time  supposed  to  contain  300,000,000  tons)  which  seem  to  check 
fairly  well  and  indicate  perhaps  30,000,000  to  40,000,000  tons  of  workable 
iron  ore.  The  best  information  seems  to  be  that  there  is  just  about 
enough  iron  ore  there  for  the  company  to  fulfil  its  existing  contracts. 
There  is,  of  course,  the  possibility  of  finding  more,  but  in  contact  beds 
that  is  an  uncertain  resource. 

We  have  had  an  example  in  this  last  year  of  how  important  iron  ore  is 
to  a  nation.  At  the  time  that  the  TJiiited  States  went  into  the  war  and 
bad  temporarily  to  shut  off  exports  of  steel,  the  Japanese  shipyards  were 
in  very  bad  shape,  because  the  steel  consumption  in  Japan  had  gone  far 
beyond  its  capacity  to  produce,  and  it  was  found  that  if  the  shipyards 
were  to  be  kept  going  it  would  be  necessary  to  cut  off  absolutely  all  other 
use  of  steel,  for  the  maximum  of  their  local  consumption  was  barely 
enough  for  their  shipyards  alone. 

Originally  the  Japanese  and  the  Chinese  had  about  the  same  amount 
of  iron  ore  per  capita,  but  the  Japanese  woke  up  before  the  Chinese  did  and 
they  proceeded  to  acquire  additional  quantities  of  iron  ore.  Japan  had 
been  depending  largely  on  agricultural  resources.  She  has  an  expanding 
population  and  has  not  had  the  same  opportunity  to  spread  out  in  new 
territory  that  we  had  in  our  great  West,  or  as  the  British  had  in  Australia, 
Canada,  and  South  Africa;  hence  the  Japanese  had  found  that  it  was 
necessary,  in  order  to  maintain  themselves,  to  change  the  character  of 
their  civilization  and  become  a  manufacturing  and  shipping  nation  in- 
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etead  of  an  agricultural  nation.  In  order  to  do  that,  it  was  neceasary 
to  secure  lai^e  deposits  of  iron  ore.  It  is  from  this  fundamental  point 
of  view  of  necessity  that  Japan  has  been  so  insistent  on  acquiring  addi- 
tional iron  ore.  The  Chinese  have  not  felt  that  necessity  yet,  because 
they  have  not  yet,  in  any  large  number,  come  to  the  conclusion  that  they 
must  change  the  character  of  their  fundamental  industries. 

ALSACE-LORRAINE 
Bj  Sidney  Paige 

About  6  months  ago  I  became  interested  in  the  Alsace-Lorraine 
matter  from  the  standpoint  of  the  policy  of  the  United  States  in  its  re- 
lation to  these  areas,  and  the  possible  peace  between  the  Allies  and  Ger- 
many. I  feel  that  ultimately  the  problem  of  solving  this  difficulty  must 
rest,  at  least  I  hope  it  will  rest,  on  geologists,  engineers,  metallurgists, 
and  technologists. 

Never  before,  perhaps,  in  the  history  of  the  world  has  the  policy  of  a 
great  nation  been  fraught  with  more  momentous  consequences  than  is 
the  policy  of  the  United  States  at  present.  To  any  thoughtful  man  im- 
pressed with  the  "velocity"  of  modern  civilization,  it  must  be  evident 
that  "direction"  of  movement  is  of  vast  importance,  if  the  best  interests 
of  humanity  and  of  that  which  is  best  in  modern  civilization  are  to  be 
preserved  and  fostered.  It  is  a  significant  fact  that  today  there  remains 
no  great  unpopulated  territory.  The  westward  movement  of  peoples, 
a  movement  impelled  by  economic  pressure — a  search  for  resources  and 
later  for  market* — has  slowed  down.  The  great  resources  of  the  world 
are  known.  No  longer  may  nations  cramped  by  expanded  industrial 
systems  seek  relief,  without  meeting  unparalleled  opposition,  or  without 
upsetting  the  industrial  balance  of  the  entire  world.  Trade,  the  cause 
of  many  wars,  now  links  together  the  nations  of  the  entire  globe,  and  there 
is  every  reason  to  believe  that  science,  which  in  a  brief  past  has  so  mar- 
velously  obliterated  time  and  space,  will  in  the  future  accomplish  even 
more.  It  follows  that  the  political  task  of  modern  life  must  relate  to 
equitable  economic  adjustments  of  nations.  The  waves  of  peoples  in- 
undating the  world  have  met  around  its  circumference,  and  man  is  con- 
fronted with  the  responsibility  of  seeing  to  it  that  some  measure  of  quiet 
is  established. 

Problems  of  great  difficulty  confront  modern  civilization,  even  though 
the  Utopian  assumption  be  made  that  the  last  great  war  is  being  waged. 
These  difficulties  arise  from  the  patent  inequalities  in  resources,  nature 
of  peoples,  ethics,  education,  and  all  that  this  implies.  The  spirit  of  self- 
preservation,  persisting  as  selfishness,  the  desire  for  surplus  and  power, 
are  apparently  innate  in  human  nature.  But  there  are  other  traits  in 
human  nature  which,  it  is  the  hope  of  many  men,  may  dominate  the  world. 
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No  one  who  analyzes  the  "regulation,"  adopted  by  the  great  indus- 
trial nations  involved  in  this  war,  can  fail  to  realize  that  in  its  very  es- 
sence it  is  unselfish.  It  has  to  do  with  the  "greatest  good  for  the  greatest 
number"  and  has  been  promulgated  by  free  peoples.  In  fact,  by  the 
people.  He  who  imagines  that  these  changes  have  been  born  but  to  die 
an  early  death,  lacks  vision.  They  will  be  nurtured,  cultivated,  and  will 
thrive — to  grow  into  a  body  of  procedure  of  vast  importance  to  the  wel- 
fare of  man. 

War  is  modifying  our  views  of  labor,  of  diatributioa,  of  public  finance)  and  produc- 
tioD.     In  fact,  it  is  shaking  the  whole  traditional  structure  of  our  economic  life.' 

The  principle  ia  being  established  or  will  be  established  "that  the 
essential  commodities  are  subject  to  control  in  the  public  interest 
precisely  as  are  the  utilities."* 

Nations  now  at  war  are  applying  these  ideas.  In  the  coming  period 
of  peace,  it  is  vital  that  something  of  this  wisdom  be  applied  among 
nations. 

There  are  two  great  aims  in  this  war,  and  their  importance 
justifies  any  sacrifice.  First,  the  arrogant,  autocratic,  military  despotism 
of  Germany  must  be  crushed.  Nothing  is  clearer  than  this — that  control 
in  Germany  has  lain  in  the  hands  of  a  ruthless  group — so  strong  indeed 
that  they  have  been  able  to  carry  on  a  biological  experiment  on  a  vast 
scale.  A  people  have  been  imbued,  from  the  cradle  to  the  grave,  with  a 
philosophy  which  appears  to  us  no  less  false  than  cruel.  The  people 
exist  for  the  State,  and  <.he  particular  State  in  question  is  a  relic  of  bar- 
barism and  the  philosophy  built  upon  a  decadent  idea  that  the  State 
can  do  no  wrong.  Our  second  aim  of  the  war  has  to  do  with  such  redis- 
tributioDS  of  resources  and  territory  as  will  tend  to  preserve  peace  and 
lead  to  the  normal  industrial  progress  of  nations.  And  it  is  in  this  con- 
nection that  the  iron  ores  of  Lorraine  are  involved.  The  position  of  the 
United  States  is  unique.  Her  resources  are  the  greatest  in  the  world; 
her  peoples  are  imbued  with  the  virility  of  all  great  peoples,  and  her  posi- 
tion geographically  with  respect  to  trade  is,  to  say  the  least,  remarkable. 
She  lies  between  Europe  and  Asia.  Great  trade  routes  will  meet  and  pass 
through  her  territory.  And  she  has  entered  the  war  at  a  stage  either 
when  her  weight  will  compel  decision  (and  thus  determine  the  nature 
of  the  coming  peace)  or  else  she  will  go  down  in  defeat,  which  is 
unthinkable. 

Practical  men  realize  that,  in  wars,  agreements  usually  follow  a  deci- 
sion by  arms ;  but  never  before  in  war  has  a  decision  by  arms  so  completely 
involved  the  entire  genius  of  peoples,  so  thoroughly  tried  their  powers  of 
cooperation  or  been  so  fraught  with  possible  unexpected  developments. 
Therefore,  never  before  has  it  been  so  important  to  have  well  defined 

•  William  S.  Culbertaon:  North  Amer.  Rw.  (Jan.,  1918)  207,  61. 
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policies.  It  is  well  rect^nized  that  without  the  iron  ores  of  Lorraine, 
Germany  could  not  have  waged  the  present  war;  and  therefore  that  if 
these  oreB  be  taken  by  force  of  arms  peace  will  follow  almost  at  once. 
The  general  staffs  of  all  the  great  nations  are  no  doubt  aware  of  this  fact; 
likewise  the  Germans. 

It  must  be  recognized  at  once  that  in  Lorraine  (leaving  Alsace  out 
of  the  discussion  for  the  moment)  and  contiguous  Fraace,  there  is  today 
the  greatest  iron-ore  reserve  of  Europe.  No  sii^Ie  factor,  perhaps,  no 
group  of  facts  involved  in  this  war,  deserves  more  thoughtful  considera- 
tion. Upon  the  proper  disposition  of  these  reserves,  upon  the  nature 
of  the  barriers  that  may  be  set  up  or  torn  down  in  their  utilization, 
upon  the  spirit  of  cooperation  or  competition  which  enters  into  their 
disposal,  depends  in  large  measure  the  future  peace  of  Europe. 

It  is  of  interest  to  analyze  briefly  the  present  situation  with  respect 
to  Alsace-Lorraine. 

Alsace-Lorraine  has  been  the  battle  ground  of  Europe  ever  since  the 
days  of  Caesar  when,  in  72  B.  C,  a  German  tribe  invaded  this  territory 
and  settled  down.  It  is  useless  except  for  moral  discipline  when  feelings 
of  self-r^hteousness  become  acute  to  dwell  upon  the  number  of  times 
this  fair  territory  has  changed  hands.  Enough,  that  in  1871,  France 
lost  half  of  it  to  Germany.  And  it  is  significant  to  note  that  before  this 
date  it  beloi^^  wholly  to  France,  left  to  her  by  the  preliminary  agreement 
of  Versailles  at  the  end  of  the  Franco-German  war,  but  that  the  German 
geologist,  Hauchcorne,  pointed  out  to  Bismarck  the  potential  value  of 
this  area,  and  France  was  persuaded  to  cede  a  strip  of  it  by  the  subse- 
quent treaty  of  Frankfort  in  exchange  for  land  of  military  value  near  the 
fortress  of  Belfort.  Geologists,  therefore,  were  already,  in  1871,  of  use  to 
their  governments  at  war.  Since  that  time  any  lack  of  foresight  on  the 
part  of  French  geologists  has  been  corrected.  They  realize  today  the 
value  of  Alsace-Lorraine. 

Coal  and  iron  are  so  important  in  modern  war,  and  the  Germans, 
so  well  supplied  with  certain  other  necessities,  are  so  ingenious  in  devising 
substitutes,  that  a  consideration  of  suchother  necessities  must  take  second 
place.  Germany  has  vast  resources  in  coal  but  poor  resources  in  iroa; 
but  if  the  resources  of  Lorraine  be  included  the  resources  of  Germany 
in  iron  become  vast.  And  if  there  be  included  French  territory  now  held, 
she  possesses  by  far  the  greatest  resources  on  the  eastern  hemisphere. 
Of  a  production  of  28,600,000  tons  of  iron  ore  in  1913  by  Germany, 
21,000,000  came  from  Lorraine;  of  coal,  Germany,  without  French  terri- 
tory, possesses  more  than  half  the  resources  of  all  Europe.  England 
follows  her  in  resources,  Russia  next,  then  Austria-Hungary,  and  fifth 
comes  Fraace.  The  Saar  Valley  alone  contains  more  coal  than  is  known 
in  France  today. 

One  does  not  need  a  vivid  imagination  to  picture  the  strength  of  this 
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combination  which  at  present  she  commands,  the  greatest  coal  and  iron 
resources  of  Europe. 

France,  on  the  other  hand,  is  deficient  in  coal.  In  iron,  before  the  war, 
her  resources  were  only  slightly  less  than  those  of  Germany,  and  of  a 
total  production  of  21,700,000  tons  by  France,  19,500,000  came  from  the 
Longwy-Briey  field,  the  identical  field  from  which  Germany  draws  her 
main  supply. 

Briefly  then,  what  was  the  situation  before  the  war?  Simply  this: 
Germany,  by  unparalleled  activity  in  the  development  of  great  coal 
resources,  was  using  not  only  all  the  iron  she  could  command,  but  im- 
porting an  increasing  amount  year  by  year  from  France.  France,  on 
the  other  hand,  short  of  coal,  was  importing  some  23,000,000  tons  and 
exporting  iron  ore  to  the  amount  of  one-tenth  of  the  production  of  the 
Longwy-Briey  field,  to  Germany. 

Then  came  the  war,  and  with  it  changes  of  the  utmost  significance, 
for  not  only  does  Germany  now  hold  the  entire  Briey-Longwy  iron  field, 
but  also,  in  the  north  of  France,  the  coal  field  extending  from  Valenciennes 
to  beyond  Lens. 

The  battle  line  on  the  western  front  offers  opportunity  for  speculation. 
After  the  great  advance  which  threatened  Paris  (German  troops  were 
within  20  miles  of  the  city)  the  invading  armies  withdrew  to  the  line  of 
July,  1916.  Recall  the  position  at  that  time  of  the  St.  Mihiel  salient 
and  recall  the  line  around  Verdun.  Note  also  that  the  great  manufactur- 
ing center  of  Lille  and  Lens  are  in  German  hands  and  that  the  tip  of  the 
Flanders  coal  field  alone  remains  in  French  possession.  From  that  date 
the  line  moved  to  that  of  September,  1917,  and  again  recall  that  the  St. 
Mihiel  salient  has  not  changed ;  recall  that  the  ferocity  of  the  attacks  upon 
Verdun  were  unparalleled  and  note  that  Lille  and  the  Flanders  coal  field 
have  not  been  reUeved. 

Much  has  been  written  to  account  for  the  German  onslaughts  at 
Verdun;  political  reasons  have  been  assigned.  Only  recently,  it  would 
seem,  has  the  true  significance  of  this  maneuver  been  understood. 
The  St.  Mihiel  salient  and  Verdun  are  in  the  path  to  the  Lorraine  iron 
.fields.  That  the  Germans  should  desire  to  straighten  this  line  is  natural 
and  that  it  remains  nearly  stationary  means  that  it  is  well  defended. 
Indeed,  a  great  German  offensive  may  be  expected  here.  To  regain  the 
Flanders  coal  field  would  relieve  a  great  need  in  France.  To  r^ain 
French  iron  fields  and  drive  the  Germans  from  Lorraine  would  change 
the  aspect  of  the  war. 

Let  us  turn  now  to  the  war  aims  of  French  geologists  and  metallur- 
gists. DeLaunay  foresees  France  at  the  end  of  the  war  "  triumphant, 
happy.  ♦  *  •  We  impose  our  wishes,  we  impose  them  completely, 
I  do  not  consider  any  other  hypothesis  as  possible,  as  worthy  of  discust 
sion."    And  the  conditions  that  he  expects  to  be  imposed  include  no- 
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only  the  restitution  of  Alsace  and  Lorraine,  but  the  annexation  of  suffi- 
cient German  coal  and  coal  fields  to  redress  the  mineral  deficiencies  of 
France. 

In  1913,  France  produced  40,000,000  tons  of  fuel,  while  her  consump- 
tion reached  60,000,000  tons.  A  deficit  of  23,000,000  tons,  therefore, 
growing  year  by  year,  required  imports  from  England,  Germany,  and 
Belgium  to  supply  her  needs.  Of  coke,  which  is  the  principal  element 
entering  into  the  cost  ol  p^  iron,  the  situation  before  the  war  was  even 
more  unfavorable.  The  3,000,000  tons  which  were  imported  approached 
the  figure  of  domestic  production. 

As  has  just  been  said,  France  before  the  war  faced  a  deficit  each  year 
of  23,000,000  tons  of  fuel.  This  ^ure  represents  19,000,000  tons  of  coaJ 
and  3,000,000  tons  of  coke  (4  tons  of  coal  to  produce  3  tons  of  coke) .  Lor- 
raine alone  produces  4,000,000  tons  of  coal  but  no  coke,  and  consumes 
6,000,000  tons  of  coal  and  4,500,000  tons  of  coke  (made  from 
6,000,000  tons  of  coal).  A  total  of  12,000,000  tons  of  coal,  therefore,  is 
consumed  in  Lorraine,  while  this  territory  produces  only  4,000,000  tons. 
There  is  a  deficit,  therefore,  of  8,000,000  tons  of  coal  in  Lorraine.  There- 
fore, if  Lorraine  is  returned  to  France,  the  deficit  of  that  country  in  coal 
wUI  rise  from  23,000,000  tons  to  31,000,000  tons.  The  French,  therefore, 
propose  that  they  also  be  given  the  coal  of  the  Saar  Valley  in  Germany. 
Should  this  wish  be  realized,  the  consequences  are  as  follows:  The  Saar 
Valley  produces  10,000,000  tons  of  coal,  which  is  consumed  crude,  and 
3,000,000  tons  of  coal,  which  is  made  into  coke,  13,000,000  tons  in  all. 
This  r^on  consumes  5,000,000  tons  of  coal  (2,000,000  as  crude  coal  and 
3,000,000  transformed  into  coke).  There  is  a  surplus,  therefore,  of 
8,000,000  tons  of  coal,  that  is  to  say,  precisely  the  amount  deficient  in 
Lorraine. 

But  this  apparent  balance  of  resources  takes  on  a  different  aspect 
when  analyzed  with  respect  to  coke'. 

Lorraine  and  the  Saar  Valley  together  produce,  as  set  forth  above, 
17,000,000  tons  of  coal,  divided  as  follows: 

Coal  consumed  crude 14,000,000  tons. 

Coal  made  into  coke 3,000,000  tons. 

This  territory  likewise  consumed  17,000,000  tons  of  coal,  but  this  amount 

is  divided  thus: 

Conl  coimumed  cryde 8,000,000  tons. 

Coal  made  into  coke 9,000,000  tons. 

Now,  while  the  deficit  of  23,000,000  tons  wliich  France  faced  before  the 
war  will  not  be  augmented  if  Lorraine  and  the  Saar  Valley  are  taken, 
her  situation  with  respect  to  coke  will  be  worse.     Before  the  war  the 
23,000,000  tons  deficit  of  France  was  divided  as  follows; 
19,000,000  tons  of  crude  coal. 
4,000,000  tons  of  coal  tor  coke. 
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With  the  new  arrsngement  these  figures  will  become: 
13,000,000  tons  of  crude  coal. 
10,000,000  tons  of  coal  for  coke. 

The  importations  of  metallurgic  coke  into  France  in  1913  were  divided 
as  follows : 

Tdu 

From  Germany 2,393,000 

From  Belgium 647,000 

From  other  countries 130,000 

Total 3,070,000 

There  is  therefore  a  deficit  of  nearly  7,000,000  tons  of  coke  which 
France  must  make  up  by  im[>ort.  The  Saar  Valley  does  not  produce 
good  coking  coal  and  France  wants  coking  coal,  not  coke,  for  she  wishes 
to  obtain  the  byproducts.-  Eng  and,  before  the  war,  consistently  refused 
to  send  coking  coal  and  would  sell  only  coke.  France  after  the  war 
will  be  forced  to  buy  fuel.  Where  can  she  buy  coking  co&l?  And  just 
here  the  basic  principle  is  illuminated,  that  nations  must  c3operate. 
If  the  situation  in  France  with  respect  to  ore  is  examined,  assuming 
that  she  possess,  after  the  war,  Lorraine  and  the  Saar  Valley,  it  will  be 
found  that  she  faces  an  equal  predicament — that  is,  a  market  for  her  ores. 
This  is  clearly  set  forth  in  the  analysis  by  Robert  Pinot.'"  But  the  crux 
of  the  matter  is  reached  when  the  situation  with  respect  to  the  manufac- 
ture of  steel  is  analyzed. 

In  1913,  France  produced  5,311,000  tons  of  pig  iron;  957,000  tons  were 
consumed  by  French  foundries  or  exported  crude.  The  remainder, 
4,354,000  tons,  was  made  into  iron  and  steel.  Lorraine  and  the  Saar 
Valley  in  1913  produced  5,241,000  tons  of  pig  iron,  of  which  4,502,000 
tons  were  transformed  into  steel.  France  after  then  would  have  a  capacity 
of  11,000,000  tons  of  pig  iron,  of  which  9,000,000  tons  would  be  made 
into  steel.  Furnaces  erected  during  the  war  would  supply  another  million 
tons  of  steel.  France  thus  would  be  compelled  to  dispose  of  10,000,000 
tons  of  steel.  Where  would  this  steel  go?  It  may  be  shown  that,  even 
if  a  roseate  view  is  taken  of  the  French  industriat  situation  after  the  war, 
France  will  be  in  a  position  (always  assuming  that  she  possesses  Lorraine 
and  the  Saar  Valley  and  ample  coal  from  Germany)  to  produce  4,000,000 
more  tons  of  steel  than  she  can  dispose  of.     Pinot  estimates  as  follows: 

Tons 

French  conBumption  before  the  war 5,000,000 

Lorraiiie.8aar  consumption 400,000 

Eicportation  and  reduction  of  temporary  importation.    600,000 

Total 6,000,000 

"  Robert  Pinot:  La  Mfitallurgie et  I'api^s guerre.  BuUetin et  Comptes  Rendw  Men- 
suei*,  Soci&i  de  L'lnduttrie  Miniraie,  Ire  iivraiaon  de  1917,  36. 
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Four  millioD  tons  approximately  remain  unaccounted  for. 

In  1813  Germany  exported 6,500,000  tono  of  steel 

In  1913  England  exported 5,000,000  tons  of  steel 

In  1913  United  States  exported 2,500,000  tons  of  steel 

In  1913  Belgium  exported 1,700,000  tons  of  steel 

France  cannot  hope  to  develop  exportation  at  the  expense  of  the 
United  States,  a  country  which  has  enormously  increased  her  capacity 
durii^  the  war.  Nor  can  she  hope  to  compete  with  Great  Britain,  who 
will,  after  the  war,  be  in  a  strong  position  metallurgically.  And  as  for 
Belgium,  she  will  have  some  1,184,000  tons  for  export.  Again,  therefore, 
the  French  are  driven  into  competition  with  the  Germans. 

Pinot  outlines  a  plan  and  presents  figures,  to  the  end  that  Germany 
lose  her  markets.  There  is  no  need  to  review  these  figures  here.  Their 
importance  lies  in  the  fact  that  this  entire  question  deserves  the  most 
painstaking  researeh  on  the  part  of  the  United  States,  England,  and 
France,  that  some  equitable  basis  for  peace  may  be  reached. 

The  analysis  above  brings  out  clearly  the  need  of  an  economic  policy 
with  regard  to  the  disposal  of  the  Lorraine  and  contiguous  French  ores. 
It  must  be  constantly  borne  in  mind  that  this  iron-ore  reserve  is  of 
supreme  importance  to  all  the  great  industrial  nations  of  Europe.  If  the 
war  is  concluded  with  the  military  autocracy  of  Germany  victorious, 
there  is  no  need  of  further  thought  to  this  matter.  Such  a  Germany 
will  see  to  it  that  an  enslaved  Europe  will  pay  tribute. 

I  will  close  in  repeating  one  sentence.  Upon  the  proper  control  of 
these  resources,  upon  the  nature  of  the  barriers  that  may  be  set  up  or 
torn  down  in  their  utilization,  upon  the  spirit  of  competition  or  coopera- 
tion which  enters  into  their  disposal,  depends  in  large  measure  the  future 
peace  of  Europe. 
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Petrogimpllic  Notes  on  the  Ore  Deposits  of  Jerome,  Ariz. 

BY  UAIUON  BICE,  NEW  YOHK,  N.  Y. 
(New  York  MmUiv.  Febtuu]'.  ISIB) 

The  copper-mining  district  of  Jerome,  Ariz.,  is  of  such  economic 
importance  that  the  following  brief  notes  may  be  of  interest. 

The  ore  deposits  are  said  by  Ransome'  to  be  pre-Csmbrian,  and  are 
contained  in  the  pre-Cambrian  schists  of  the  region. 

In  the  vicinity  of  the  mine  (the  United  Verde)  the  achiat  stands  nearly  vertical 
and  Btrikee  a  little  wegt  of  north.  At  least  three  varietiea  are  dietinguishable — (1)  a 
green  rock,  schistose  on  its  margins  but  grading  into  massive  mat«rial,  which  is 
evidently  an  altered  dioritic  intrusive;  (2)  a  rough  gray  schist  with  abundant  pheno- 
ciyBts  of  quarts,  apparently  on  altered  rhyolite;  and  (3)  a  satiny,  greenish  gray, 
very  fissile  seriritic  schist  that  may  be  a  metamorphosed  sediment.  The  ore 
occurs  in  varieties  ^2)  and  (3),  the  main  belt  of  dioritic  rock  (1)  lying  just  west 
of  the  orebodies.    The  ore  is  said  to  follow  as  a  rule  the  layers  of  fine  sericitic  schist. 

T.  A.  Rickard'  says  that  the  ore  at  the  United  Verde  Extension 
mine  is  found  at  the  contact  of  diorite  and  schist,  that  both  diorite  and 
ore  are  earlier  than  the  regional  metamorphism,  and  that  the  quartz 
porphyry  ("rhyolite"  of  Ransonie)  is  of  post-Cambrian  age. 

The  material  considered  here,  a  part  of  vhich  was  gathered  by  the 
writer,  came  from  four  of  the  mines  of  the  district,  and  its  study  was 
undertaken  at  the  suggestion  of  Dr.  Berkey  of  Columbia  University. 
The  field  relations  and  exact  locations  of  the  different  specimens  are  not 
known,  but  a  microscopic  study  of  the  thin  sections  gave  some  evidence 
aa  to  the  origin  of  the  ore,  which  will  be  discussed  below.  The  indications 
are  that  both  ore  and  porphyry  were  introduced  at  the  closing  stages  of 
the  metamorphism,  this  being  in  accord  with  Ransome's  view  of  the  ge- 
netic relation  Qi  porphyry  and  ore  rather  than  with  the  opinion  that  the 
ore  is  related  to  the  diorite.  Certain  field  occurrences  mentioned  in  the 
literature  also  support  this  theory.  Rickard,  in  the  same  article  to  which 
reference  has  been  made,  speaks  of  a  vein  of  chalcocite  several  inches  wide 
at  the  contact  of  one  of  the  porphyry  dikes,  and  Provot,'  although  he  re- 
gards the  porphyry  as  subsequent  to  the  ore,  says;  "Acid  dikes  encount- 

1  F,  h.  Bansome:  U.  S.  0.  S.  BuU.  629  (1913)  192. 

•  T.  A.  Rickard:  Mining  and  Scientific  Press  (Jan.  12,  1918)  116,  47. 

*  F.  A.  Provot:  "Geolt^ical  Reconnaissance  of  Jerome  District." 
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ered  underground  should  be  followed  as  they  have  been  found  in  prac- 
tice to  lead  to  orebodies." 

Rock  Types 

(1)  Andesite  Porphyry 

This  name  as  used  here  includes  the  variety  sometimes  referred 
to  as  diorite  porphyry.  In  the  hand  s[>ccimen,  this  rock  is  typically 
fine-graiiied,  of  a  dark  green  color,  veined  with  carbonate  and  chlorite, 
and  showing  general  chloritization.  In  thin  section,  it  is  seen  to  be  an 
andesite  of  diabasic  structure,  with  the  feldspars  very  much  crushed  and 
sheared    (Fig.    I).     Hydrothermal    alteration    has    partly    converted 


Fig.  1.  Fio.  2. 

Fia.  1. — Andebitb   porphyry,  showind  crubhed  character  of  eock.    Lioht 

GRAY  UlNERALS  ARE  FELDSPARS',  DARK  GRAY  IS  CHLORITE.  ORDINARY  LIGHT.  MAG- 
NIFICATION,   X  30. 

Fia.  2. — Andesite  forfhybt,  sheared  and  veined.  Light  gray,  latr-likb 
uiNEBALs  ARB  altered  feldspars;  dark  gray  is  chlorite  and  bebpbntinb. 
Large,  light  gray  vein  ib  of  carbonate  and  quartz.  Ohdinary  light.  Mao- 
nification,  x  30. 

the  feldspars  to  epidote,  and  changed  the  ferro-magnesian  minerals  to 
chlorite  and  serpentine.  Fractures  have  been  healed  with  carbonate 
and  chlorite  (Fig.  2),  and  some  contain  small  pyrite  cubes.  Some  speci- 
mens are  coarsegrained,  but  in  general  the  type  is  that  of  a  small 
intrusive. .  The  history  indicated  is  one  of  not  very  deep-seated 
dynamic  disturbance,  followed  by  hydrothermal  alteration  with  slight 
mineralization. 

(2)  Schist 

Two  types  of  schist  were  observed.  In  the  hand  specimen  both  were 
very  fine-grained,  dark  green  to  grayish  colored,  with  small,  whitish 
patches  somewhat  sheared  out. 

The  first  type  would  be  more  properly  classed  with  the  phyllites.     It 
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ia  an  extremely  fine-grained  rock,  now  composed  of  an  aggregate  of  quartz, 
chlorite,  carbonate,  and  serieite,  which  has  not  been  subjected  to  any  very 
profound  metamorphism.  The  shearing  has  developed  abundant  flakes 
of  serieite  but  there  has  been  no  thorough  reorganization  of  the  material, 
with  development  of  the  high-density  minerals.  Later  cracks  are  healed 
with  carbonate,  and  some  specimens  show  tiny  disseminated  grains  of 
pyrite.    The  history  of  this  rock  is  essentially  the  same  as  that  of  the 


Fio.  3.  Fia.  4. 

Fig.  3. — Schist.     AaaREUATE  op  kecondart  hinbralh.    Light  u 

PATCH    18    BERICITB;    LIGHT    GRAY    GRAINS    ARE   QUARTZ.       CROSSED    I4K 

nCATiON,  X  30. 

Fio.  4. — Schist,  apparently  formed  prou  igneoui 

CUBES  IN  veinlbt  are  ptrite.     Ordinary  lioht.     Magnification,  : 

andesit£3.     It  was  originally  a  fine-grained  fragmental,  possibly  a  shale, 
but  more  likely,  in  view  of  its  associations,  an  ash. 

The  second  type  ih  similar  in  composition  and  mineral  make-up, 
but  was  formed  by  the  >niore  intense  shearing  of  coarser  material  (Fig. 
3  and  4).  Grains  of  original  quartz  and  scattered  dense  sericitic  and 
chloritic  patches,  such  as  would  result  from  the  alteration  of  feldspar 
and  hornblende  crystals,  suggest  that  the  original  rock  was  an  igneous 
type,  but  it  has  been  so  much  sheared  that  nearly  all  the  primary  structure 
has  been  obliterated  and  the  determination  of  the  origin  is  uncertain. 
The  rock  may  have  been  a  tuff  formed  from  small   rock   fragments. 

(3)  Quartz  Porphyry 

In  the  hand  specimen,  this  rock  is  of  a  gray-green  color,  fine-grained, 
with  large  quartz  phenocrysts,  and  occasional  red  and  green  patches  of 
feldspar  and  chlorite.  Under  the  microscope,  it  is  seen  to  be  a  very 
siliceous  quartz   porphyry  with   abundant  quartz  phenocrysts  and  an 
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occaBional  striated  feldspar  (Fig.  5).  The  groundmass  is  typically 
a  very  fine  intergrowth  of  quartz  and  feldspar,  so  that  the  rock  is  of  the 
type  known  as  graphophyr,  characteristic  of  small  intrusions  from  a 
siliceous   magma.     The  feldspar   is  partly  altered  to  sericite,  epidote, 


Fio.  5.  Fia.  6, 

FlO.    S.^QUARTZ     POHPHYHT    SHOWING    CmiBBED    QOARTZ    AND    FELDSPAR    PHENO- 
;Rr8T8  AND  PINE-GRAINED  OROUSDMABS.       CROSSED  NICOL8.       MAGNIFICATION,    X   30. 

FiQ.  6.— Quartz  PoHPnVRY  bhowing  fhactured  feldbpab  pbenocrtbtk  veined 
s'lTH  CARBONATE.     Crossed  nicols.     Maqni 


Maqmification,    X   30. 

and  carbonate  (Fig.  6),  and  the  original  small  ferro-magnesian  content 
is  now  in  the  form  of  chlorite.  Chlorite  is  also  developed  in  the  sheared 
zones,  and  seems  here  to  be  a  vein  mineral.  These  porphyries,  as  might 
be  expected  of  a  series  of  small  intrusions,  are  somewhat  variable  in 
composition  and  habit.  They  also  show  different  amounts  of  dynainic 
disturbance      Some  show  no  trace  of  fracturing,  while  others  have  quartz, 
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chlorite,  and  carbonate  veins  and  crush  effects  in  the  phenocrysts.  Most 
of  the  specimens  contain  pyrite  in  the  veins  (Fig.  7);  some  as  perfect 
cubes  and  some  as  crushed  fragments.  Black  rims  on  the  pyrite  result 
from  secondary  processes. 

The  quartz  porphyries,  then,  were  intruded  during  the  closing  stages 
of  the  regional  disturbance,  and  also  after  movement  had  stopped.  The 
mineralization  follows  fractures  in  the  porphyry  and  therefore  is  later 
in  each  case  than  the  rock  in  which  it  is  found,  but  is  not  necessarily 
later  than  the  entire  porphyry  series,  so  that  ore  may  be  found  cutting 
the  dikes,  and  likewise  dikes  cutting  the  ore. 

Ore  Specimens 
In  addition  to  the  wall  rocks,  some  ore  specimens,  (1)  and  (2)  from  the 
United  Verde,  and  (3)  and  (4)  from  the  United  Verde  Extension  mines, 
were  examined  microscopically.  Unfortunately,  all  the  material  at  hand 
was  of  the  high-grade  ore,  so  that  the  process  of  mineralization  could 
not  be  studied. 

United  Verde  Ore 
1.  The  ore  consists  of  bands  of  crushed  pyrite  and  of  sphalerite, 
the  whole  specimen  veined  and  partly  replaced  by  covellite  tFig,  8), 


Fig.  8.  Fi 

Fio.  8. — Masstve  United  Vebdb  orb.     Dark  orat,  rough, 

ainHHED    FROll   SPHALERITE    IN    PHOTOGRAPH.       REFLECTED   LIGHT. 
X   34. 

Fio.  9.— United  Verde  Extension  high-gbadb  orb.  Gba- 
IS  pyrite;  orat,  smooth  minehal  is  qdartz;  smooth,  white  mat 
Reflected  lioht.     Magnification,  X  34. 

A  very  small  amount  of  chalcopyrite  appears  in  the  sphalerite,  and  chal- 
cocite  is  entirely  absent.  The  banding  may  be  due  to  replacement  pre- 
serving the  structure  of  a  schist,  or  to  deposition  along  the  weaknesses 
of  a  sheared  rock;  probably  the  former,  as  it  is  quite  fine  and  regular 
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The  crushing  of  the  pyrite  appears  to  be  a  result  of  continued  movement 
parallel  to  the  schistosity.  Thie  is  regarded  as  additional  evidence  that 
the  mineralization  began  before  the  conclusion  of  thedynamic  modifica- 
tion of  these  rocks.  The  covellite  belongs  to  a  different  and  later  period; 
as  it  occurs  in  veinlets  cutting  the  or^^inal  structure  and  independent  of  it. 

2.  This  ore  is  more  maseive  pyrite,  considerably  crushed  but  not 
banded,  containing  chalcopyrite  interstitially  and  in  veinlets.  An 
occasional  large  grain  of  chalcopyrite  is  in  primary  relation  to  the  pyrite, 
so  that  it  would  appear  that  the  chalcopyrite  is,  in  general,  later  than  the 
pyrite,  but  that  some  overlapping  of  these  two  constituents  occurred. 

United  Verde  Extension  Ore 

3.  This  is  a  massive  pyrite  with  secondary  chalcocite  in  veinlets, 
interstitially  and  in  occasional  large  grains.  The  chalcocite  is  thus  in 
the  same  relation  to  the  pyrite  as  the  chalcopyrite  is  in  specimen  (2), 
and  is  most  likely  the  result  of  secondary  enrichment  (replacement) 
of  the  chalcopyrite.  It  has  not  at  all  the  distribution  to  be  expected  if 
it  were  an  enrichment  of  the  original  pyrite. 

4.  This  ore  is  made  up  of  small  crushed  pyrite  remnants  in  a  matrix 
of  secondary  chalcocite,  and  represents  almost  the  final  stage  of  the 
enrichment  process  (Fig.  9). 

Summary 

A  general  summary  would  be  somewhat  as  follows:  A  complex  of 
tuffs,  dikes,  flows,  etc.,  not  very  deeply  buried,  was  intruded  by  diorite 
and  the  whole  subjected  to  regional  metamorphism,  developing  schistose 
and  crush  rocks  of  great  variety.  At  the  closing  stages  of  the  meta- 
morphic  period,  intrusions  from  a  deeper-seated,  very  siliceous  magma  cut 
the  older  rocks.  The  same  paths  of  weakness  were  followed  by  the 
minerahzing  solutions,  which  *were  high  m  silica  and  replaced  the  wall 
rocks  extensively.  The  abundant  chlorite  and  sericite,  and  absence  of  the 
pneumatolytic  minerals,  such  as  tourmaline,  would  class  this  deposit 
with  the  intermediate -temperature  type  described  by  Lindgren. 

The  primary  ore  minerals  observed  were  pyrite,  chalcopyrite,  and 
sphalerite.  Secondary  enrichment  has  converted  the  chalcopyrite  and 
part  of  the  pyrite  to  chalcocite.    The  covellite  is  probably  secondary. 
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Intboduction 

Considerable  interest  has  been  shown,  during  recent  years,  in  the 
possibilities  of  developing  oil  fields  in  the  South  American  Republics, 
now  that  the  exhaustion  of  our  present  fields  can  be  seen  in  the  not  very 
tliatant  future.  The  demand  for  fuel  oil  and  its  products  has  been  in- 
creasing far  more  rapidly  than  our  increment  of  production  during  the 
last  few  years<  Increase  of  consumption  has  been  largely  curtailed  by 
the  lack  of  sufficient  supply. 

The  main  factors  that  have  contributed  to  our  previous  neglect  of 
the  southern  Gelds  have  been  as  follows: 

(a)  Lack  of  sufficient  demand  for  the  product. 

(6)  Competition  with  producing  fields,  having  large  production, 
low  cost,  and  better  geographical  position,  such  as  Tampico,  Mexico. 

(c)  Greater  interest  in  home  fields  with  ready  market  at  hand. 

(d)  Our  ignorance  of  southern  economic  and  geologic  conditions, 
due  to  the  distance  between  those  areas  and  our  financial  centers. 

(e)  Economic  conditions  in  the  southern  countries,  necessitating 
high  costs  of  exploration  and  exploitation  of  the  fields. 


•  Consulting  Oil  Geologist.  , ,  , 
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(/)  Our  lack  of  understanding  of  the  business  methods  of  the  Latin- 
American. 


It  must  be  borne  in  mind  that  the  oil-development  work  done  to  the 
present  time  in  South  Ameiica  has,  with  one  exception,*  been  undertaken 


■The  accidental  discovery  of  oil  in  boring  for  i, 


r  at  Comodoro  Rivadavia, 
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upon  lands  which  possessed  direct  evidence  of  oil  in  seepages  or  aspbaltic 
deposits,  occurring  either  immediately  upon  the  lands  or  in  their  close 
vicinity.  The  development  of  oil  fields  in  South  America  is  therefore 
in  the  pioneer  stage.  It  is  not  at  all  improbable  that  "hidden  fields" 
will  be  uncovered  in  future  work,  as  has  occurred  notably  in  the  Mid- 
continental  field  of  this  country  within  recent  years. 

Location 

The  areas  grouped  as  a  unit  under  the  title  of  North  Argentine- 
Bolivian  oil  field  extend  in  a  narrow  belt  from  the  north-central  part  of 
the  Province  of  Salta,  Argentina,  northward  into  the  central  part  of 
Bolivia.  This  belt  lies  in  a  direction  a  few  degrees  east  of  north,  slightly 
curved  with  its  concave  flexure  to  the  west,  passing  through  the  border 
town  of  Yacuiva  at  latitude  22°  South  and  longitude  63°  30'  West  of 
Greenwich.     It  extends  from  18°  South  to  23°  South  latitude. 

To  the  .west  of  the  field  lie  the  frontal  ranges  of  the  Andes  System, 
beyond  which  extend  high  rugged  mountains,  deep  narrow  gorges  and 
high  plateaus,  culminating  in  the  crest  of  the  continental  range.  Toward 
the  east  extends  the  great  expansive  plain,  reaching  over  northeast  Argen- 
tine,  southeast  Bolivia,  northern  Paraguay,  and  into  southern  Brazil. 

Notable  seepages  of  oil  occur  in  the  following  'political  subdivisions 
of  the  two  countries : 
ArgentinA: 
Department  of  OrfUi,  Province  of  Salta. 

Department  of  Tarija. 
Department  of  Sucre  (Chuqnisaca). 
Department  of  Santa  Cruz. 

The  location  of  this  field  has  given  rise  to  the  name  of  "  Sub-Andean 
Petrohferous  Zone,"  a  term  used  by  some  writers. 

LlTEKATUKE 

The  literature  on  the  oil  regions  of  South  America  is  very  limited, 
particularly  that  in  the  English  language.  A  r4sumi5  has  recently  been 
compiled  m  a  valuable  paper  by  Frederick  G.  Clapp.' 

As  to  the  literature  in  the  Spanish  language,  among  the  most  important 
publications  are  the  reports  of  Dr.  Guido  Bonarelli,'  of  Buenos  Aires, 

'  Trant.  (1917)  87,  914. 

*  a,  G.  Bonarelli ;  Laa  Sierras  Subandinas  del  Alto  y  Aguarai^e  y  Lob  Yacimicntos 
Petroliferos  del  Distrito  Minero  de  Tartagal,  Provincia  de  Salta.  Repubtica  Argen- 
tina. Anales  d^  Ministerio  de  Agricullura  Secci6n  Ge<Aogia,  Mineraloffia  y  Minera 
(1913)  8,  Niim.  4. 

h.  La  Eetructura  Geoli^ica  y  Los  Yacimientoa  Petroliferoe  del  Distrito  Minero 
de  Or^,  Provincia  de  Salta.  Ministerio  de  AgrUultura  Direcciin  General  de  Minaa 
(1914).     Ndm.  g,  Ser.  B. 
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who,  as  government  geologist,  has  made  diligent  study  of  many  petro- 
liferous areas  in  his  country  and  in  southeastern  Bolivia.  Chemical 
analyses  of  the  Sub-Andean  petroleum  have  been  made  by  Dr.  Ernesto 
Longobardi.'  Reports  of  Bodenbender*  and  Brackebusch^  give  valuable 
information  regarding  the  geology  of  adjoining  regions  in  the  provinces 
of  Salta  and  Jujuy.  Steinmann*  has  made  examination  of  the  Sierra 
de  Aguaragiie  region,  particularly  in  southeastern  Bolivia.  AH  the  above 
reports  have  been  freely  consulted  in  the  preparation  of  this  paper. 

NOHENCLATDBE 

Some  ambiguity  apparently  exists  among  references  to  the  North 
Argentine-Bolivian  region,  due  to  varied  spelling  and  multiplicity  of 
names  for  the  same  locality.  The  following  corrections  and  correlations 
are  given  with  the  hope  of  clarifying  such  ambiguities: 

CapiaztUi  WeUs. — Situated  4  miles  (6.4  km.)  northwest  of  the  village 
of  Aguaray.  They  are  in  Argentina,  on  Capiazuti  Creek,  25  miles  (40.2 
km.)  south  of  the  Bolivian  border.  These  wells  are  sometimes  referred 
to  as  "Las  Minas  de  Aguaray."     Not  to  be  confused  with  Cuarasuti. 

Iquira  Springs. — Seepages  2  miles'(3.1  km.)  south  of  Capiasuti,  on 
Iquira  Creek.     Often  included  in  the  term  "Las  Minas  de  Aguaray." 

Tartagal  Wells. — Situated  3H  miles  (5.6  km.)  southwest  of  the  village 
of  Tartagal,  Department  of  Ordn,  on  Galarza  Creek.  Sometimes  termed 
"Las  Minas  de  Tobar,"  or  "Las  Minas  de  Tartagal." 

Ipaguazu  Springs. — Seepages  of  petroleum  on  Agua  Salada  Creek, 
12  miles  (19.3  km.)  east-northeast  of  Yacuiva.  Synonymous  with 
"Lomas  de  Ipaguazu."  Included  in  the  "Gran  Chaco"  seepages.  In- 
correctly written  Ipaguaciu  or  Ipahuaso. 

Yacuiva. — The  Bolivian  frontier  town,  though  2  mil^  south  of  the 
border  reci^nized  between  the  two  countries;  viz.,  22"  south  latitude. 
Also  correctly  written  Yacuiba,  but  incorrectly  Ayacuiba. 

AguaragHe. — The  frontal  range  of  mountains  commencing  a  few  miles 
southwest  of  Tartagal,  extending  northward  into  Bolivia.  Sections  of 
the  range  are  sometimes  designated,  "Cerros  de  Tartagal,"  "Cordon  de 


'Los  PetrAleoB  Subandinog  y  bus  relacionea  Geo-quf micas.  Atu^a  de  Sodtdad 
Qvimiea  Arnerdintt  (1915)  i,  423. 

'  InformeaobreuDBexplomcidiiKeotdgicaen  lareRiAndeOrdn  (ProvinciadeSaJta). 
Miniaterio  de  AgricultuTa  Botetin  [1906)  4,  NtSm.  4,  5. 

'  Brackebuanh  1  Estudios  sobrc  la  formacifin  petTOlItera  do  Jujuy.-  BoleUn  de  la 
Acftdemia  Nacional  de  Ciencia  de  C6rdoba  (1882)  8,  137-262. 

*  a,  G.  Steiniunn,  H.  H»&k  and  A.  V.  Bii4TRam.  Zur  Gcol.  dea  Bud6st1.  Boliviens. 
Tentralbl.  fUr  M.  G.  u  P.,  Stuttgart,  1904. 

b,  H.  HoEK  and  G.  Steinmann  :  ErUut^rung  zur  Routcnkarte  der  Enped.  Steinm. 
Hoek,  V.  Bistram  in  d.  Anden  v.  Bolivien.     Petermant  Mittheilungen  (1006)  1. 
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Itaque,"  etc.  The  northern  extension  comprisea  the  "Sierras  de  Santa 
Cruz."     Improperly  written  Aguaraygus,  Aguaraygua,  etc. 

Cuarazuti. — A  creek  in  the  Department  of  Tarija,  Bolivia,  north  of 
Yacuiva.     Incorrectly  written  Guarazuti  or  Kuarazuti. 

Gran  Chaco. — The  great  plains  extending  over  northern  Paraguay, 
southeastern  Bolivia  and  northern  Argentina.  The  Province  o'  the  Gran 
Chaco  of  Bolivia  includes  the  eastern  parts  of  the  departments  of  Tarija 
and  Sucre  (Chuquisaca).  Geographically  divided  into  Chaco  Oriental 
or  Chaco  Paraguayo,  Chaco  Central  and  Chaco  Austral,  the  latter  two 
largely  included  within  the  boundary  of  Argentina. 

Topography 

The  North  Argentine-Bolivian  oil  region  lies  along  a  boundary  line 
between  rough  mountainous  country  to  the  west  and  extensive  plains  to 
the  east.  A  series  of  mountain  ranges,  with  parallel  trend  from  north 
to  south,  stretches  westward  with  increasing  altitude  until  the  crest  of 
the  great  Andes  R^nge  is  reached.  Between  these  ranges  are  long  narrow 
river  valleys  with  occasional  river  terraces,  which  frequently  serve  as 
locations  for  villages  at  altitudes  varying  ^rom  10,000  to  12,500  ft.  (3048 
to  3810  m.)  above  sea  level. 

The  entire  mountainous  relief  has  been  produced  by  the  same  dynamic 
forces  which  caused  the  uplifting  of  the  main  Andes  Range,  modified  by 
subsequent  weathering  and  stream  erosion.  The  easternmost  range, 
known  as  the  Sierra  de  AguaragUe,  with  its  northern  extension  in  the 
Sierra^  de  Santa  Crua,  constitutes  the  frontal  range,  extending  from  north 
to  south  for  a  distance  of  approximately  300  miles  (483  km.),  with  alti- 
tudes between  1000  and  3000  ft.  (305  and  914  m.)  above  the  level  of  the 
adjoining  plains. 

Extending  eastward  from  the  frontal  range  lie  the  gteat  plains  (El 
Gran  Chaco)  of  northern  Argentine,  southeastern  Bolivia,  northern 
Paraguay  and  adjoining  parts  of  Brazil.  With  a  slight  inclination  to 
the  southeast,  they  stand  at  elevations  varying  from  1600  ft.  (488  m.) 
ID  the  south  to  2400  ft.  (732  m.)  above  sea  level  in  the  north.  Slight 
vertical  displacement  has  apparently  taken  place  in  various  sections  of 
the  plains,  as  is  shown  by  the  fiexures  in  the  stratified  deposits  of  Quater- 
nary age.  This  movement  has  caused  a  distinct  topography  of  low  roiling 
hills,  partially  eroded  by  subsequent  torrential  stream  water.  Typical 
of  this  topography  are  the  bills  6  miles  (9,6  km.)  to  the  northeast  of 
Aguaray,  and  also  the  hills  of  Ipaguazu  northeast  of  Yacuiva.  They 
stand  between  200  and  300  ft.  (61  and  91  m.)  above  the  surface  of  the 
plains. 

Numerous  small  streams  flow  from  the  deep  narrow  gorges  in  the 
mountains  and  enter  upon  the  plains  with  slackened  gradient.    Most 
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of  these  proceed  for  only  a  few  miles,  aa  they  lose  themselves  in  the  deep 
loose  sand  deposits  so  frequent  and  extensive  in  the  flat  country.  Where 
the,  water  has  the  opportunity  to  coUect  in  volume  before  leaving  the 
rocky  beds  in  the  mountains,  more  persistent  streams  flow  with  a  south- 
easterly course  and  find  their  way  eventually  to  the  Paraguay  River. 
Thus  it  ia  with  the  Pilcomayo  and  Bermejo  Rivers. 

The  extreme  northern  end  of  the  region  ia  within  the  water-shed  of 
the  Amazon  River,  through  the  successive  tributaries  R(o  Grande, 
Rfo  Mamore,  and  Rfo  Madeira. 

Climate 

The  climate  of  this  region  is  subtropical,  with  temperature  variation 
between  40°  F.  in  winter  to  90°  F.  in  summer.  Occasionally  more  ex- 
treme temperatures  of  SC*  and  115°  are  experienced,  though  generally 
for  short  duration  only.  The  humidity  of  the  summer  atmosphere  is 
rather  oppressive,  and  rainfall  at  this  season  is  heavy.  The  winter 
months  are  rainless,  to  such  an  extent  that  resident  natives  suffer  from 
lack  of  good  water  for  domestic  purposes.  As  the  region  is  soutb  of  the 
equator,  the  seasons  are  the  reverse  of  those  in  the  northern  hemisphere. 

It  is  during  the  summer  months  that  the  great  migration  of  insects 
and  animals  takes  place  from  the  tropical  Jungles  in  the  north.  The 
moat  conspicuous  inaects  are  the  mosquitoes,  flies,  and  grasshoppers. 
There  are  several  varieties  of  flies  that  are  inconvenient,  but  their  bite, 
fortunately,  ia  not  serious.  Some  malaria  exists,  though  it  ia  not  at  all 
so  common  as  in  the  tropical  countries.  On  the  whole,  very  little  sidaieas 
prevails,  so  the  region  may  be  classified  aa  a  healthy  one. 

The  great  pest  of  the  country  is  the  grasshopper,  longosta,  flying  from 
the  north  in  hordes  of  millions,  destroying  all  vegetation  which  may  hap- 
pen to  lie  within  their  path.  No  satisfactory  method  of  combating  them 
has  yet  been  discovered.  Several  plans  are  now  under  investigation  and 
expenme  ntation . 

Inhabitants  and  .  Industries 

The  inhabitants  may  be  divided  into  three  groups ;  Saltanean,  Bolivian, 
and  Indian.  In  addition  to  these  are  found  a  very  small  proportion  of 
foreigners,  such  as  Spanish,  English,  Italian,  Syrian,  French,  and  North 
American. 

The  Saltanean  of  high  class  is  of  Spanish  descent,  proud,  aristocratic, 
courteous,  alert  and  prosperous,  possessing  these  qualities  perhaps  to  a 
higher  degree  than  most  other  natives  encountered  by  the  writer  in  bia 
travels  south  of  the  Canal.  He  has  distinguishing  characteriatics  ia 
customs  and  language  that  are  readily  recognized  by  Argentinos  from 
other  regions.     The  laboring  or  peon  class  has  a  considerable  admixture 
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of  Indian  blood,  and  they  make  faithful  and  trustworthy  workers. 
Wages  are  standardized  at  one  peso  (44  c.  gold)  per  day. 

The  high-class  Bolivian  differs  little  from  the  Saltanean.  He  shows, 
however,  a  greater  proportion  of  Indian  blood  as  a  rule,  in  having  a  darJcer 
skin.  Peon  classes  of  both  countries  have  wandered  across  the  bounda- 
ries to  some  extent;  this  cannot  be  said  of  the  higher  class. 

Here  is  the  home  of  the  Chiriguano  and  Mataco  Indian.  Both  retain 
most  of  their  tribal  customs,  though  theformerhasundoubtedlyadvanced 
by  his  contact  with  civilization.  The  Chiriguano  lives  in  houses  equal 
to  those  of  the  civilized  peon  and  he  himself  is  quite  trustworthy.  The 
Mataco,  however,  is  more  deceitful  and  dishonest.  He  will  kill  to  steal 
if  he  feels  assured  that  he  will  not  be  apprehended.  As  he  has  no  perma- 
nent abode  he  wanders  by  groups  or  families,  and  camps  by  the  roadside 
where  the  close  of  day  may  chance  to  find  him,  Both  tribes,  men,  women 
and  children,  are  employed  as  cane  cutters  during  the  sugar  harvest, 
their  employment  being  arranged  for  in  advance  by  the  planter's  travel- 
ing agents. 

The  raising  of  sugar,  com  and  cattle  constitutes  the  chief  occupation 
of  the  people.  While  most  of  the  mountainous  regions  are  uninhabited, 
the  valleys  and  plains  are  well  utilized  in  cultivation  or  grazing.  As  a 
rule,  the  plantation  and  cattle  owners  live  in  the  towns  and  cities  and 
leave  the  property  in  charge  of  trusted  employees.  Some  enterprises 
are  run  on  an  extensive  scale,  notably  the  sugar  plantations  with  large 
refineries  under  the  same  management.  Thousands  of  acres  of  land  are 
devoted  to  this  product. 

The  custom  of  living  in  small  villages  is  very  popular  with  the  poor 
native.  Every  few  miles  has  its  group  of  houses  ranging  in  size  from 
3  to  50  habitations.  By  so  living  the  social  tendency  is  satisfied  and  the 
native  need  not  be  far  from  his  work. 

TlHBBB 

A  lai^e  portion  of  this  section  of  the  country  is  covered  with  timber, 
especially  in  the  mountains.  True  tropical  jungle  does  not  exist  in  the 
south,  due  to  the  low  winter  temperatures.  As  one  travels  toward-  the 
north,  however,  a  gradual  change  in  the  nature  oi  the  forest  growth  is 
noted,  the  softer  woods  of  the  south  being  replaced  by  the  more  valuable 
hard  woods.     Palms  also  become  more  conspicuous  toward  the  north. 

Approach  and  Accessibility 

The  terminal  at  the  town  of  £mbarcaci6n,  in  Argentina,  is  the  nearest 
approach  made  by  a  railroad  to  the  oil  region.  This  road  is  a  narrow- 
gage  line  operated  under  the  management  of  the  "Ferrocarril  Central 
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Norte,"  connecting  the  cities  of  Tucumfln,  Salta,  and  Embarcaci6n, 
with  a  junction  point  between  the  latter  two  at  Gtiemes,  The  broad- 
gage  line  of  the  company  "Perrocarril  Central  Argentina"  connectB 
Tucumin  with  Buenos  Aiiea. 

Another  approach  to  the  field  is  by  way  of  Asunci6n,  the  capital  of 
Paraguay,  which  is  directly  connected  by  rail  with  Buenos  Aires.  The 
distance  from  Aflunci6n  to  Yacuiva  is  approximately  455  miles  (732  km.) 
overland,  whereas  Embarcaei6n  is  but  IHmiles  (183  km.)  Furthermore, 
Asunci6n  is  on  the  opposite  side  of  the  Rfo  Paraguay  from  the  field;  the 
river  at  this  point  would  be  difficult  to  bridge- 
Over  the  route  to  Embarcaci6n,  through  passenger  express  service 
runs  twice  weekly  between  Buenos  Aires  and  Salta,  nfith  direct  connec- 
tion at  TucumSn.  The  trains  carry  sleeping  and  dining  accommodations 
and  the  trip  requires  36  hr.  to  Salta.  Between  Salta  and  Embarcaci6n 
there  is  daily  service  by  slow  train,  requiring  14  hours. 

As  for  freight  service,  considerable  time  is  consumed  and  expense  in- 
curred by  the  necessary  transfer  of  material  from  cars  of  one  g^e  to 
those  of  the  other  at  TucumAn.     Rates  at  present  are  high. 
Rail  distances  between  points  are  as  follows: 

Buenos  Aires  to  Tuciim&n 1344  kilometers  (  S35     milea] 

Tucum^  to  GUemes 294  kilometers  (  1S2.6  miles] 

GQemes  to  Salts 46  kilometerB  (    28.8  n 

GUemes  to  Embarcacidn. 223  kiloraetera  (  138.2  miles; 

Buenos  Aires  to  Embarcaci6n 1861  kilometers  (I1S5.8  n 

No  Bohvian  railroads  reach  the  interior  from  the  direction  of  La  Paz; 
therefore  this  route  is  impossible  as  an  approach  for  freight. 

Away  from  the  railroad  lines,  freight  is  carried  by  two-wheeled  carts. 
There  is  considerable  traffic  between  points  in  Argentina  and  Bolivia 
over  the  road  leading  northward  from  Embarcaciftn.  This  road,  in  the 
dry  season,  is  in  bad  condition,  and  worse  in  the  wet  season,  when  it 
becomes  impassable.  The  river  crossings  are  heavy,  due  to  deep  loose 
deposits  of  sand  in  some  and  large  boulders  in  others.  Weak  bridges 
span  the  narrower  gullies  in  some  parts. 

Sand  areas  are  so  numerous  on  the  fiat  plains  that  the  road  must  cross 
some  of  them.  The  clay  sections  of  the  road  are  very  badly  rutted  by  the 
heavily  laden  carts. 

An  extension  of  the  railroad  from  Embarcaci6n  would  represent  a 
simple  engineering  problem. 

The  Pilcomayo  and  Bermejo  Rivers  have  beds  about  400  ft.  (122  m.) 
wide  from  bank  to  bank.  Between  these  banks  the  stream  meanders 
from  one  side  to  the  other,  though  on  occasions  of  excessive  rainfall, 
the  entire  bed  may  be  covered.  These  streams  can  not  be  reckoned  on 
for  transportation. 

The  Paraguay  River,  with  the  Paran&,  into  which  the  former  empties. 
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is  navigable  throughout  the  year.  River  boats  drawing  from  4  to  6  ft. 
ply  r^ularly  between  Asuncidn  and  Buenos  Aires,  a  distance  of  approxi- 
mately 745  miles  (1200  km.).  The  river  is  a  free  tradii^  route  and  would, 
therefore,  possess  that  advantage  over  the  rail  to  Buenos  Aires.  As 
above  stated,  the  distance  between  the  field  and  the  river  at  Asuncidn 
is  approximately  455  miles  (732  km.). 

Oil  Seefaqbb 

Seepages  of  oil,  and  asphalt  deposits,  have  been  known  to  exist  in 
this  part  of  the  continent  for  many  years.  The  native  Indians  had  used 
it  for  medicinal  purposes  and  knew  of  its  inflammability  before  the  arrival 
of  the  first  Spanish  explorers.  To  this  day,  small  quantities  are  collected 
by  both  Indians  and  civilized  people  for  domestic  use,  as  the  oil  is  often 
of  such  high  quality  that  it  may  be  used  in  crude  lamps  in  its  natural 
state. 

Several  springs  are  very  persistent  in  their  flow,  though  they  give  only 
two  or  three  quarts,  individually,  per  day.  Among  the  best  known  are 
the  following,  named  in  geographical  order  from  south  to  north: 

Name  ol  Creek  Lrre&tiDn 

GaUna Department  of  Oran  (Argentina) 

Iquira Department  of  Oran  (Argentina) 

Agua  Salada  (Ipaquazu) Department  of  Tarija  (Bolivia) 

Loa  MonOB  (Villamontes) Department  of  Tarija  (Bolivia) 

Caigus  (Villamontes) Department  of  Tarija  (Bolivia) 

Peima Department  of  Tarija  (Bolivia) 

Oquita Department  of  Sucre  (Bolivia) 

Mandiyuti .' Department  of  Sucre  (Bolivia) 

Eepejos  (Santa  Crus) Department  of  Santa  Crui  (Bolivia) 

With  the  exception  of  the  Agua  Salada  spring,  the  seepages  lie  along 
a  north-south  line  bordering  the  eastern  flank  of  the  Sierra  de  Aguaragfie, 
between  Galarza  Creek,  near  Tartagal  in  Argentina,  and  Espejos  Creek, 
near  Santa  Cruz  in  Bolivia.  The  springs  occur  in  creek  beds,  where  the 
flowing  water  keeps  the  rock  surfaces  clean  and  does  not  allow  the  heavier 
residue  from  evaporation  to  clog  the  pores. 

In  addition  to  the  above  springs,  numerous  other  localities  have  been 
reported  by  competent  natives  to  show  signs  of  oil.  These  are  also  in 
creeks  crossing  the  same  line,  and  are  said  to  show  oil  on  the  surface  of 
quiet  water  before  the  drying-up  of  the  streams.  During  the  dry  season 
the  oil  can  sometimes  be  detected  by  odor  from  fresh  soil  at  these  places. 
Among  such  creeks  are  the  following: 

In  Argentina:  Zanja  Honda,  Yeriguarenda,  Yacuy,  Piquirenda, 
Nacatimbay,  Capiazuti,  Carapari  (Itiyuro).  In  Bolivia:  San  Iloque(?), 
Caipitand£,  Cuarazuti. 
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In  order  to  collect  the  oU,  the  natives  have  sunk  small  pits,  not  over 
I  cu.  ft.  in  size,  over  the  place  where  it  comes  to  the  surface.  Some  water 
also  collects,  but  the  oil  is  easUy  skimmed  off  the  top. 

Quality  of  Oil 

There  is  considerable  range  in  the  quality  of  oil  coming  from  the 
various  springs.  In  general,  the  springs  may  be  divided  into  two  groups 
according  to  the  weight  of  the  oil.     The  light  oils  are  of  light  yellow  or 


Fio.  2. — Sebpaob  of  oil  on  the  bank  of  .Galarza  Cabgk. 

orange  color,  with  greenish  fluorescence,  and  vary  in  gravity  between  41° 
and  46°  Baum^.  Heavier  oils  are  of  deeper  colors,  reddish-brown  to 
almost  black,  and  also  fluorescent;  their  gravity  varies  between  20°  and 
27°  Baum^. 

Dr.  Longobardi  gives  the  results  of  tests  (Table  1)  performed  upon 
samples,  the  naphth  acontents  of  which  had  been  slightly  reduced  by 
evaporation  at  the  springs. 

Samples  from  the  Agua  Salada  and  Espejos  springs,  which  have 
been  sent  to  the  United  States,  have  sometimes  been  prematurely  dis- 
credited on  account  of  their  apparent  high  gravity. 

Most  of  the  oils  are  of  paraffin  base,  though  some  of  the  heavy 
ones  contain  some  asphalt.  Usually  a  small  amount  of  sulphur  is 
present. 


ifl  by  Google 


STANLEY    C.    HEnOLD  1513 

Table  i. — Results  of  Teats  on  Samples  from  Some  of  the  Springs 

I  Frutional  Diitillstion 


light  Oils: 

AguaSalad&.. 

Loa  MonoB. , . 

Caigua 

Eepejos 

Heavy  Oils: 

Galaria 

Oquita.^ 

Maudiyuti 


B«,. 

To 

Pbt  cant. 

153"  C. 

91 

160 

78 

158 

79 

154 

78 

195 

15.5 

235 

11 

152 

31 

180 

41 

178 

31 

All  show  greenish  Suorescence.     Distillation  test  by  Enfcler  method. 
Development 

The  results  of  the  development  attempted  in  the  past  have  been 
unsatisfactory,  principally  due  to  the  lack  of  sufficient  knowledge  on  the 
part  of  the  operators  concerning  the  stratigraphic  and  structural  conditions 
existing  in  the  field.  Wells  have  been. placed  in  localities  where  there 
would  seem  to  be  no  possibility  of  reaching  the  oil  horizons  which  are  in 
evidence  on  adjoining  ground,  and  where  local  structural  conditions 
are  not  particularly  favorable  for  the  accumulation  of  petroleum  below  the 
surface.  Obviously,  such  wells  are  unable  to  give  definite  proof  regard- 
ing the  possibilities  of  the  field  at  large. 

Oth^r  enterprises  have  failed  on  account  of  financial  difhculties,  lack 
of  proper  organization,  or  mismanagement.  A  company  intending  to 
work  in  this  field  should  have  sufficient  capital  to  tide  it  over  excessive 
costs  before  expected  returns.  A  well  of  3000  ft.  (914  m.)  depth  may  be 
calculated  to  cost  between  $65,000  and  $75,000.  Transportation  and 
imported  labor  are  expensive,  and  delays  are  frequent  notwithstanding 
the  lai^e  quantity  of  spare  parts  necessarily  required.  Drillers  must  be 
carefully  selected.  Proficiency  does  not  seem  to  be  a  more  important 
qualification  than  personality  and  adaptability,  for  in  camp  the  compan- 
ionship must  be  agreeable  and  modern  conveniences  are  generally  absent. 

Although  thousands  ot  claims  have  been  legally  granted  by  the 
governments  of  Argentina^nd  Bolivia,  only  seven  or  eight  honest  attempts 
have  been  made  to  develop  various  sections  of  the  field.  The  most 
conspicuous  work  has  been  that  done  on  the  Galarza,  Capiazuti  and 
Mandiyuti  creeks.     A  brief  discussion  of  these  follows. 


ifl  by  Google 


1514  OIL  IN  THE  NOBTH  ABOENTINE-BOLIVIAN  FIELD 

Galarza    Creek 

The  work  on  Galarza  creek  waa  atarted  by  Sefior  Francisco  Tobar 
in  1907.  The  presence  of  two  natural  seepages  of  oij  induced  him  to 
sink  several  pits  by  hand  in  the  creek  bed  and  on  the  banks  above.  He 
invariably  encountered  s  soft  porous  sandstone,  so  saturated  that  the  oil 
collected  in  the  bottom  of  the  pit.  He  secured  two  portable  r^  of 
1000-ft.  capacity  and  sank  four  wells.  Dr.  Bonarelli  gives  the  following 
data  regarding  these  wells: 

Well  No.  1.— Depth  reached  188  m.  (617  ft.).  Encountered  two  atratA  with 
petroleum;tbe  first  at  70  m.  (230  ft.),  the  Becond  at  140  m.  (460  ft). 

Well  No.  2. — Depth  reached  241  m.  (838  ft.),  encountering  five  strata  bearing  oil. 
(Showings.) 

Well  No.  3. — Depth  reached  78  m.  (246  ft.) ;  nothing  encountered. 

Well  No.  4. — Depth  reached  39.6  m.  (130  ft.),  encountering  oil-bearii^  und  from 
37  m.  (121  ft.)  downward,  and  at  39.5  m. asurging  spring  of  gaseous  waterwith  taste 
and  odor  of  petroleum. 

Thils  the  drilling  was  unsuccessful.  Nothing  more  than  a  show  of 
oil  was  encountered  below  the  original  oil-bearing  strata  exposed  in  the 
creek  bed  below  the  well  locations. 

CapiazuH  Creek 

Drilling  at  the  side  of  Capiazuti  Creek  was  encouraged  by  the  pres- 
ence of  the  oil  springs  on  Iquira  Creek,  two  miles  to  the  south.  With 
these  springs  the  two  weils  drilled  here  were  evidently  located  by  "to- 
pographic correlation"  for  they  are  poorly  located  with  respect  to  the 
stratigraphic  and  structural  conditions  of  the  immediate  vicinity. 

The  first  well  was  landed  at  240  m.  (7S7  ft.)  with  4-in.  casing,  en- 
countering nothing,  and  was  abandoned  on  account  of  the  small  diameter 
at  that  depth.  The  rig  was  moved  westward  about  15  m.  and  landed  at 
the  same  depth  with  10-in.  casing,  when  further  work  was  postponed 
indefinitely. 

These  holes  have  been  sunk  since  early  1912  under  the  manage- 
ment of  the  "Direcci6n  General"  of  the  Argentine  Government.  The 
rig  was  imported  from  Holland  and  has  a  capacity  of  750  m.  (2460  ft.) . 
The  derrick  is  entirely  of  steel  and  stands  85  ft. 

This  same  rig  had  previously  been  used  (1910-1911)  in  drilling  two 
dry  holes  outside  of  the  Capiazuti  canyon..  One  was  located  1  km. 
east  of  the  Iquira  springs,  and  the  other  2  km.  still  farther  east,  in  the 
village  of  Aguaray.  The  first  hole  reached  a  depth  of  133.6  m.  (438  ft.), 
encountering  only  water  at  128.2  m.  (420  ft.).  The  second  hole  was 
abandoned  at  46.6  m.  (153  ft.)  on  the  advice  of  Dr.  Bonarelli. 


ifl  by.  Google 


STANLEY   C.    HGROLD 


Mandiyiili  Creek 


In  1911-12,  the  Farquhar  Syndicate,  organized  for  the  apparent  pur- 
pose of  acquiring  title  to  many  of  the  largest  Argentine  and  Bolivian 
enterprises,  obtained  petroleum  concessions  on  Mandiyuti  Creek,  in 
Bolivia.  A  complete  outfit  was  imported  at  Buenos  Aires,  shipped  to 
Embarcaci6n  and  hauled  by  mules  a  distance  of  225  miles. 


Pia.  3. — Steel  derrick  c 


One  well  was  drilled  to  a  depth  of  157  m.  (515  ft.),  encountering  a 
considerable  showing  of  oil  at  505  ft.  Drilling  ceased,  and  soon  after 
the  syndicate  went  bankrupt. 

It  is  interesting  to  note  the  difference  between  the  analyses  of  sam- 
ples taken  from  the  springs  and  from  the  hole. 
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FromSprinics: 
Color:  R«ddiah  brown,  with  greenish  fluorescence. 
Density:  26°  Baum£. 
Distillation  test  (Engler  method) : 

From  178°  to  300°  C 31  per  cent. 

Residue,  over  300°  C 69  per  cent. 

From  Drill~hole: 
Color:  Amber,  with  light  greenish  fluorescence. 
Density:  38°  Baum^. 
Distillation  test  (same  method) : 

From  70°  to  150°  0 18.0  per  cent, 

From  150°  to  300°  C. , 40.0  per  cent. 

Besldue,  over  300°  C 42 . 0  per  cent. 

ParafRn  residue,  sulphur  content 0.129  per  cent 

In  general,  the  oil  encountered  at  depth  may  be  expected  to  be  of 
higher  quality  than  that  seeping  at  the  surface  in  other  parts  of  the  field. 

Geological  Conditions 
Stratigraphy 
The  surface  of  the  oil  region  is  entirely  covered  by  sedimentariea. 
The  only  signs  of  igneous  rocks  are  a  few  scattering  fragments  to  be  found 


in  the  creek  beds,  which  have  evidently  been  transportcti  from  the  higher 
mountains  of  the  Andes  Range  to  the  west.  Such  transportation  took 
place  previous  to  the  late  diastrophism  which  gave  rise  to  topographic 
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features  now  eroded  to  their  preaent  condition  in  this  "Sub-Andean" 
province. 

The  stratigraphy  of  this  area  has  been  a  subject  of  discussion  ror  some 
years  past  by  the  geologists  who  have  worked  here  or  in  close  vicinity. 
Fossil  remains  have  been  found  in  but  one  horizon  sufficient  to  classify 
its  age.  Other  strata  covering  the  greater  part  of  the  area  are  apparently 
non-foesiliferoua,  for  diligent  search  has  failed  to  produce  specimens. 
Consequently,  classification  has  largely  been  based  upon  correlation  of 
strata.and  comparative  litholc^y. 

The  recent  work  of  Dr.  Bonarelli  has  established  the  correctness  of 
the  strat^aphic  interpretation  previously  given  by  Steinmann  and 
Bodenbender,  though  BonarelU  has  proceeded  farther  in  differentiation  by 
subdividing  the  groups  formerly  recognized. 

Bonarelti's  divisions   of  the   AguaragQe  formations  are  a,s  follows: 

(J)  Recent  alluvial. 

(«)  Quaternary. 

(d)  Sub-Andean  Tertiary. 

(c)  Upper  sandatone  (ATenUcat  tuperioreg). 

(b)  Calcit« -dolomite  horison. 

(a)  Petroliteroua  formation,  or  lower  sandstone. 

The  Petroliferous  Formation 

The  term  Formaei6n  Petrolifera  was  first  used  by  Brackebuach  in 
his  early  studies  of  the  northern  Argentine  provinces.  He  later  desig- 
nated the  series  "Salta  Series"  (Sistema  de  SaUa)  obviously  with  the 
same  stratigraphic  limits  as  signified  by  the  first  name.  This  series 
is  divided  by  Bonarelli  into  a,  b,  c,  and  d  above,  the  term  Formacidn 
Petrolifera  being  retained  by  him  for  the  present  recognized  oil-bearing 
series.  Steinmann,  who  had  worked  in  the  north  around  Santa  Cruz,  had 
designated  the  series  of  sands  and  shales  underlying  the  calcite-dolomite 
horizon  as  the  "Lower  Sandstone"  (Areniscas  Inferiores). 

This  series  is.  composed  of  a  succession  of  medium-grained  sand- 
stonefl  with  beds  of  laminated  or  massive  shale.  The  sandstone  is  gen- 
erally massive,  though  sometimes  thinly  bedded,  of  medium  harness, 
and  gray  in  color.  Crossbedding  is  shown  in  a  few  localities.  The  shale 
is  hard,  compact  and  of  bluish-gray  color;  the  thinly  laminated  beds 
often  contain  considerable  sand.^  The  color  of  both  sandstone  and  shale 
shows  alteration  to  yellow  or  brown  on  the  surfaces  exposed  to  the 
weather.  Occasionally  marl  in  thin  bands,  and  also  conglomerates 
are  present. 

Bonarelli  estimates  the  total  thickness  of  the  series  to  be  over  6000 
m.  (19,600  ft.)  though  it  is  possible  that  he  has  measured  beds  repeated 
by  folding  and  faulting.  There  can  be  no  doubt,  however,  of  thefirst 
2000  meters. 
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Respecting  the  age  of  the  formation,  the  same  author  is  of  the  opinion 
that  it  is  Jurassic,  and  possibly  older.  Steinmann  and  Bodenbender 
considered  it  Cretaceous.  The  preponderance  of  evidence  seems  to  sup- 
port the  latter  view.  Future  work  may  reveal  its  age  with  precision, 
provided  that  fossil  remains  are  found  in  the  beds. 

The  Formacidn  Peirolifera  is  not  only  the  core  bf  the  entire 
Sierra  de  AguaragUe  range,  but  also  underUes  the  young  deposits 
of  the  plains  stretching  toward  the  east  from  the  mountains. 
The  oil  seepages  of  this  area,  and  also  others  beyond  this  belt 
to  the  west  and  southwest,  not  included  within  this  paper,  are 
intimately  associated  with  this  formation.  The  exposed  strata  from 
which  the  Agua  Salada  oil  is  flowing  are  probably  of  the  same  age 
and  possibly  of  the  same  series.  Correlation  is  impossible,  however, 
until  fossils  can  be  found,  for  the  intervening  surface  between  Agua 
Salada  and  the  Sierra  de  Aguaragtie  is  completely  covered  by  Quaternary 
deposits. 

This  formation  appears  to  be  the  basal  series  of  the  region.  There 
has  been,  as  yet,  no  recognition  of  an  older  series  to  the  northeast  of  the 
province  of  Tucumin. 

The  Caleite-dolomite  Horizon 

Steinmann  and  Bonarelli  have  both  recognised  the  series  Horizonte 
calcdreo-dolcmilico  in  the  northern  and  southern  divisions  of  this  region, 
respectively,  overlying  conformably  the  petroliferous  formation.  It  is 
described  by  the  latter  as  follows;  "A  thin  formation  of  calcitic  and  dolo- 
mitic  strata  with  rare  intercalations  of  other  lithologic  types;  white  or 
reddish,  beds  of  variable  thickness,  very  compact,  with  amorphous  struc- 
ture, conchoidal  fracture,  frequently  with  bands  or  nodules  of  jasper." 

Steinmann  places  the  age  of  this  horizon  as  Cretaceous,  on  the  evi- 
dence of  fossils  which  he  encountered  within  the  formation.  The  thick- 
ness of  the  beds  varies  from  2  to  15  ft.  (0.6  to  4.6  m.).  While  it  is  consid- 
ered a  persistent  stratum,  it  is  sometimes  difficult  to  recognize,  possibly 
because  of  local  variations  in  character  or  on  account  of  the  ease  with 
which  it  may  be  covered  from  view  by  debris. 

The  Upper  Sandstone 

The  caleite-dolomite  horizon  is  overlain  unconformably  by  the  Upper 
Sandstone  {Areniscas  auperiores  of  Steinmann  and  Bodenbender).  This 
series  is  non-fossiliferous  and  is  composed  chiefly  of  sandstone  and  shale. 
Bonarelli  describes  it  as  follows:  "This  formation  begins  at  the  bottom 
with  a  series  of  strata  mostly  sandy  and  conglomeratic;  overlain  by  a 
series  of  yellowish  and  whitish  sandstones,  by  impure  sandy  marls, 
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and  above  this  a  series  constituted  by  repeated  alternation  of  soft  sand- 
stone reddish,  yellowish  and  gray  with  marls  and  sandy  or  limey  shales, 
more  or  less  compact."  The  reddish  and  yellowish  hues  are  due  to 
weathering.  The  thickness  of  the  entire  series  is  approxinjately  600  ft, 
(183  m.) 

The  Upper  Sandstone  probably  belongs, tothe Tertiary  Epoch.  Stein- 
mann  did  not  differentiate  the  specific  groups  which  he  found  associated 
with  petroleum  but  he  stated  that  he  believed  them  to  be  Cretaceous, 
with  Tertiary  possibly  in  the  upper  part. 

Sub-ATidean  Tertiary 

Dr.  Bonarelli  appears  to  have  beeu  the  first  to  have  differentiated 
the  Terciario  subandino  series  which  overlies  the  Upper  Sandstone  with 
apparent  conformity  throughout  the  Aguaragtie  region.  The  series 
consists  lai^ly  of  thickly  bedded,  fine-grained,  white,  soft  sandstone, 
interbedded  with  soft,  hght-colored  shales.  Some  shale  beds  contain  a 
small  amount  of  sand  or  lime  material.  No  fossils  have  been  found  in 
the  series. 

This  series  is  mainly  of  interest  with  respect  to  the  topography  of 
the  area.  It  forms  the  crest  of  the  Sierra  de  Aguaragiie  and  is  subject  to 
rapid  erosion  by  mountain  streams  which  consequently  run  in  steep,  nar- 
row gorges.  Along  the  top  of  the  ridge,  throughout  the  length  of  the 
range,  the  series  is  expbsed  in  almost  vertical  cliffs  from  300  to  700  ft. 
(91  to  213  m.)  high.     Theentire  thickness  reaches  over  6000  ft.  (1829  m.). 

Quaternary  and  Recent 

The  extensive  Chaco  plains  are  covered  with  loosely  stratified,  hori- 
zontal beds  of  sand,  clay  and  gravel.  This  formation  probably  measures 
at  least  400  ft.  (122  m.)  in  thickness  and  has  evidently  been  laid  down  upon 
previously  peneplained  surface  of  older  rocks,  including  the  Formacidn 
Petrollfera.  In  some  localities  the  strata  show  slight  flexures.  A  typical 
exposure  can  be  seen  at  the  Itiyuro  Creek  near  the  village  of  Campo 
Duran,  to  the  northeast  of  Aguaray. 

The  recent  alluvial  deposits  of  loose  clay,  sand,  and  gravel,  unstrati- 
fied,  have  been  laid  down  in  various  sections  of  the  plains,  especially  along 
the  foot  of  the  range,  by  streams  which  are  capable  of  carrying  consider- 
able detritus  durii^  the  rainy  season. 

Structure 

The  regional  structure,  consisting  of  extensive  thrust  faults,  anticlinal 
folds  and  synclinal  folds,  is  not  particularly  diflicult  of  interpretation  and 
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is,  therefore,  comparatively  well  known.  The  local  features  often  pre- 
sent more  difficult  problems,  owing  to  the  obscurity  of  the  older  strata 
under  younger  deposits  and  to  the  lack  of  good  horizon  markers  in  the' 
various  groups. 

The  great  thrusts  originating  below  the  Pacific  Ocean  off-  the  west 
shore  of  the  continent  have  pushed  up  the  Andes  Range,  a  series  of 
parallel  mountain  ridges  extending  from  north  to  south,  producing 
folding  and  faulting  of  the  sedimentaries  previously  laid  horizontally 
over  the  area.  The  effects  of  the  major  ttirusts  have  been  transmitted 
toward  the  east,  and  perhaps  on  account  of  a  greater  rigidity  of  formations 
at  this  latitude,  the  resultant  disturbances  stand  out  so  prominently 
at  the  great  distance  from  the  axis  of  the  major  ranges. 

The  folding  of  the  Sierra  de  AguaragUe  may  not  have  been  syn- 
chronous with  the  upheaval  of  the  main  range.  The  structural  featuresof 
the  AguaragQe  were  produced  at  the  end  of  the  Cretaceous  period,  and 
smaller  movements  have  probably  taken  place  periodically  sinqe  that 
time.  This  ia,  no  doubt,  the  cause  of  frequent  earthquakes  in  the 
re^OQ  today. 

A  sketch  map  by  Dr.  Bonarelli,  showing  the  structural  features  of  the 
Argentine  portion  of  the  Sierra  de  AguaragUe  and  adjoining  territory 
to  the  east  and  west,  is  reproduced  in  Fig.  5. 

The  strong  thrusts  have  upturned  the  petroliferous  formation  along 
the  Aguaragile  Range  so  that  they  are  now  standing  at  75°  or  higher, 
dipping  east  or  west,  with  a  strike  of  N.  10°  E.  Stresses  have  been  greatly- 
relieved  by  a  series  of  thrust  faults  between  the  ranges  to  the  west  and 
along  the  eastern  flank  of  the  AguaragUe.  The  frontal  range  does  not 
mark,  however,  the  eastern  Umit  of  the  action  of  the  thrusts,  for  there  is 
evidence  of  steeply  dipping  strata  underlying  the  Quaternary  deposits  of 
the  Chaco  plains,  at  least  within  a  certain  radius  of  the  range. 

The  Sierra  de  AguaragUe  fault  extends  along  the  eastern  flank  of  the 
range  for  almost  its  entire  length.  It  plays  the  important  rfile  of  aiding 
the  petroleum  to  the  surface  at  the  numerous  springs.  In  Argentine,  the 
fault  plane  has  a  strike  of  approximately  N.  20°  E.  and  swings  to  due  north 
in  Bolivia.  The  dip  is  to  the  west,  varying  between  40°  and  60°.  A 
thrust  displacement  of  over  1500  ft.  (457  m.)  has  taken  place. 

The  calcitc-dolomite  horizon  accompanied  the  underlying  formation 
in  its  distortions,  as  it  had  previously  been  deposited  conformably  upon 
them. 

The  upper  sandstone  series  presents  a  different  aspect  from  the  lower 
strata.  With  a  strike  varying  between  N.  10°  E.  and  N.  26°  E.,  it  has  a 
westerly  dip  ranging  from  3°  to  30°  in  the  south  and  north  respectively. 
This  formation  is  oil-bearing  on  Galarza  Creek  at  the  "Tobar  wells." 
Migration  has  taken  place  from  the  older  strata  below. 

The  Sub-Andean  Tertiary  series  has  a  strike  conforming  to  that  of  the 
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Upper  sandstone,  with  a  dip  varying  between  5°  and  35°.  This  and  the 
younger  groups  have,  so  far  as  is  known  at  present,  no  association  with 
petroleum. 


During  a  period  as  late  as  the  Pleistocene,  the  central  part  of  the 
South  American  continent  was  covered  by  an  extensive  continental 
sea.  In  northern  Argentine  and  southeastern  Bolivia,  the  surface  had 
been  previously  well  base-leveled  with  but  few,  if  any,  places  remaining 
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of  sufficient  height  to  escape  immersion  in  the  Pleistocene  sea.  Later, 
the  interior  of  the  continent  underwent  gentle  uplifting  to  its  present 
level.  The  beds  are  not  absolutely  horizontal,  however,  as  slight  flexures, 
anticlinal  and  synclinal,  have  been  observed  to  cover  extensive  areas. 

Summary 

Extending  from  northern  Argentine  northward  into  central  Bolivia  is  a 
belt  of  petroleum  seepages.  On  account  of  the  remoteness  of  the  district 
it  has,  heretofore,  been  little  considered  by  oil  operators.  The  regional 
geology  is  comparatively  well  understood  but  the  local  features  have  not 
been  carefully  detailed. 

Development  work  in  the  past  has  been  done  on  an  unscientific  basis 
and  has  led  to  failures.  At  the  present  time,  access  to  the  region  is  some- 
what difficult  but  no  serious  problem  would  be  encountered  in  improving 
the  conditions.  The  nearest  railroad  terminal  is  at  Embarcaci6n,  114 
miles  (183  km.)  south  of  the  Bolivian  border,  or  72  miles  (116  km.) 
from  the  nearest  manifestation  of  petroleum  in  natural  springs. 

The  oil  is  of  high  quality  and  the  seepages  occur  in  creek  bedsalongthe 
Sierra  de  Aguaragiie  fault,  and  at  other  isolated  places. 

Native  labor  is  good  and  government  pohcies  are  sympathetic  toward 
foreign  exploitation. 

Though  the  structural  features  of  the  region,  as  a  unit,  have  been 
worked  out  by  reconnaissance  surveys,  there  still  remain  many  local 
sections  upon  which  no  detail  study  has  been  made. 

Several  small  areas  have  been  proved  unfavorable  for  production, 
though  the  region  as  a  whole  cannot  be  condemned  on  this  account. 
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Recent  Geologic  Development  on  the  Mesabi  Iron  Range, 
Minnesota 

The  following  correspondence  relating  to  a  paper  bearing  the  above 
title,  presented  by  J.  F.  Wolff,  at  the  New  York  meeting  in  February, 
1917,  and  published  in  the  Transactions,  Volume  LVI,  page  142,  has 
passed  between  the  author  of  the  paper,  and  Mr,  Anson  G,  Betts,  and 
is  interesting,  although  it  was  received  much  too  late  for  incorporation 
in  its  proper  place  in  Volume  LVI, 

Anson  G.  Bettb,  Asheville,  N.  C. — 1.  I  should  like  to  ask  Mr. 
Wolff  if  he  finds  from  analysis  of  the  iron  formation  and  of  the  iron  ore, 
and  from  the  relative  amounts  of  each  in  each  unit  area  of  the  formation, 
unleached  and  after  leaching,  that  the  iron  remains  entirely  insoluble  and 
the  total  quantity  still  remains  present;  or  whether  he  finds  that  some  of 
the  iron  is  removed,  or  possibly  even  added  by  deposition  from  the  water 
passing  through  the  formation. 

2.  The  water  that  passed  into  the  iron  formation  had  to  go  some- 
where; was  it  absorbed  by  underlying  formations  through  hydration, 
or,  after  passing  through  .the  ore  formation,  did  it  come  to  the  surface 
in  springs  at  a  lower  elevation,  or  how  did  it  escape  from  the  ground? 

3.  I  should  liketo  ask  Mr.  Wolff  whether  he  finds  that  the  iron  forma- 
tion in  the  sedmientary  series  does  not  come  next  to  the  quartzites  and 
generally  between  the  quartzites  and  slates. 

J.  F.  Wolff,  Duluth,  Minn. — 1.  In  common  with  others,  you 
appiear  to  have  some  hesitancy  in  accepting  the  fact  of  the  removal, 
by  solution,  of  the_  enormous  quantity  of  silica  which  has  been  leached 
out  of  portions  of  the  Biwabik  iron  formation,  thus  forming  orebodies 
of  merchantable  iron  ore,  I  believe  that  even  Dr.  Waldemar  Lindgren 
once  hesitated  to  accept  this  fact.  However,  the  evidence  is  so  simple 
and  absolutely  conclusive  that  the  fact  is  established  beyond  all  question. 
At  the  contact  of  orebodies  with  their  rock  walls,  the  bands  of  iron  ore 
in  the  orebody  can  be  seen  in  contact  with  the  corresponding  bands  of 
original  iron  oxide  in  the  rock  wall,  and  the  chert  layers  in  the  rock  wall 
can  be  seen  to  give  place  to  fine  granular  material  (fine  silica  and  iron 
oxide)  and  pore  spac:e.  This  is  especially  noticeable  where  slumping 
at  the  rock  walls  has  not  been  so  great  as  to  displace  the  layers  in  the 
orebody  from  their  contact  with  their  corresponding  layers  in  the  rock 
wall. 

Although  complete  analyses  of  the  entire  original  rocks  in  the  iron 
series  havte  not  been  made  in  any  place,  to  my  knowledge,  from  the  best 
data  at  hand  as  to  the  average  analysis  of  the  Biwabik  series  and  the 
corrrapondiog  average  analysis  of  orebodies  derived  from  them,  I  have 
computed  that  the  total  iron  per  unit  of  area  has  remained  the  same  in 
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the  orebodies  as  it  was  in  the  original  rocks  from  which  the  orebodiea 
have  been  derived.  In  other  words,  there  has  been  practically  no  re- 
moval of  iron,  although  of  course  secondary  iron,  principally  in  the  form 
of  the  hydrated  oxides,  is  found  in  nearly  all  orebodies. 

2.  Kegarding  the  circulation  of  water  in  the  ore  formation,  no 
theory  need  be  advanced,  for  there  are  facts  at  hand  which  indicate  quite 
certainly  what  that  circulation  was.  In  a  series  of  articles  published 
in  the  Engineering  and  Mining  Journal,  July  17  to  August  7,  1915,  you 
will  find  a  great  deal  of  information  regarding  the  detailed  geology  and 
engineering  practice  of  the  Mesabi  Range.  In  the  issue  of  Aug.  7, 
1915,  you  wilt  find  a  diagram  showing  the  probable  circulation  of  water 
in  the  Biwabik  iron  formation,  which  circulation  resulted  in  the  develop- 
ment of  orebodies.  I  hav6  pointed  out  therein  that  drilling  through  the 
Virginia  slate,  which  caps  the  Biwabik  formation  on  the  south,  in  several 
places  has  developed  artesian  wells,  showing  that  water  is  imponded 
under  the  Virginia  slate. 

I  have  also  pointed  out  that  toward  the  south  side  of  the  outcrop  of 
the  iron  formation  many  fissure  orebodies  have  been  found  and  "individual 
drill  holes  have  penetrated  a  large  thickness  of  ore  material  of  rather  low 
grade,  and  that  these  fissure  orebodies  and  isolated  drill  holes  penetrating 
decomposed  iron  formation  are  the  places  where  the  underground  water, 
which  has  effected  the  concentration  of  the  orebodies,  has  risen  again  to 
the  surface  in  an  artesian  circulation.  Moreover,  recent  explorations 
have  shown  that  the  large  trough  orebodies  become  narrow  toward  the 
south,  or  Virginia  slate,  side  of  the  outcrop,  and  these  channels  represent 
the  lower  ends  of  the  artesian  circulation.  Furthermore,  these  chanhels 
contain  oreororeformationof  a  very  inferior  grade,  as  a  rule,  as  compared 
with  the  ore  in  the  larger  or  main  orebodies  farther  up  the  dip  of  the  iron 
formation.  Of  course  these  facts  as  to  the  original  circulation  of  ground 
waters  are  not  susceptible  of  absolute  demonstration  but  rather  are 
inferred  from  knowledge  of  character  and  structure  of  orebodies,  and 
they  are  recognized  as  the  most  probable  explanation  of  underground 
circulation  in  the  iron  formation  by  those  best  qualified  to  judge  of  them 
on  the  Mesabi  Range. 

I  do  not  believe  that  the  area  was  cut  up  extensively  by  erosion, 
because  at  the  present  time  the  local  relief  of  the  top  of  the  iron  formation 
is  practically  negligible.  In  other  yords,  there  are  no  marked  hills  and 
valleys  such  as  would  account  for  underground  drainage.  There  has 
been  a  considerable  amount  of  hydration,  the  average  loss  on  ignition  be- 
ing perhaps  6  per  cent.  However,  such  hydration  probably  would  result 
in  throwing  the  silica  out  of  solution  and  therefore  we  should  have  large 
amounts  of  secondary  silica  present  in  the  orebodies.  There  is  no  great 
amount  of  secondary  silica,  so  I  conclude  that  the  amount  of  water  taken 
up  in  hydration  of  the  ores  is  relatively  very  small  as  compared  with  the 
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amount  necessary  to  effect  the  solution  and  transportation  of  the  silica. 
Where  the  silica  has  gone  to,  of  course,  no  evidence  at  hand  tells,  but 
we  can  only  assume  that  it  flowed  out  onto  the  surface  at  the  point  of 
discbarge  of  the  artesian  water. 

3.  From  what  we  know  of  the  pre-Cambrian,  Algonkian  metallo- 
Kraphic  series  of  rocks  in  different  parte  of  the  world,  I  beheve  that  most 
geologists  who  are  familiar  with  these  rocks  will  look  for  iron  formation 
in  any  sedimentary  rocks,  whether  they  be  slates,  quartzites,  or  limestones, 
or  any  combination  of  these  three  which  can  be  determined  to  be  of  Algon- 
kian  age.  In  other  words,  to  answer  your  last  question  specifically,  if  I 
found  quartzite  and  slate  in  an  area  of  Algonkian  rocks,  I  would  examine 
the  area  closely  for  evidence  of  iron  formation,  because  we  know  that, 
especially  in  North  and  South  America  and  Africa,  and  probably  in  Elast- 
ern  Asia  also,  iron  formations  occur  in  sedimentary  series  in  pre-Cam- 
brian, Algonkian  rocks. 
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INDUSTRIAL  SECTION 

ThiB  department  is  devoted  to  material  concerninK  the  products  or  operations 
of  manufactuTers,  which,  in  the  estimation  of  the  Editor,  is  of  news  value  to  the 
mining  and  metallurgical  field,  but  does  not  come  within  the  ecope  of  the  main 
editonal  section  of  the  Bulletin. 

Manufacturers  are  invited  to  submit  to  the  Editor  items  descriptive  of  new 
equipment  or  processes,  large  or  significant  installations,  and  similar  material 
of  news  character.  If  found  available,  items  thus  furnished  will  be  published  in 
this  section  without  charge,  subject  to  such  editorial  revision  and  eondensatlon 
as  may  be  necessary. 

In  cases  where  illustrations  are  required,  cuts  of  the  proper  size  should 
accompany  the  text  matter. 


THE   JEFFREY   CARRIER 

Bulletin  No.  237,  issued  by  the  Jeffrey  Manufacturing  Co.,  of  Columbus, 
Ohio,  describes  a  chain-bucket  elevator  and  conveyer,  containing  a  number  of 
new  features  in  design  and  construction.  As  most  commonly  installed,  the  con- 
veyer includes  two  vertical  legs  and  two  horizontal  spans,  tripiang  devices  being 
used  to  dump  the  buckets  at  any  desired  point  on  the  upper  horizontal  span.  The 
principal  points  of  improvement  in  the  latest  design  refer  to  the  construction  of 
the  links,  rollers,  and  bushing.  The  design  of  the  roller  bearing  with  its  bushing 
and  it£  method  of  attachment  to  the  bucxet  and  links  is  shown  in  Fig.  I. 
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HUT  SECTION  THROUGH  LHAIM  iOIHT  ~ 


The  two  hardened  steel  bushings  are  assembled  one  within  the  other,  the 
outer  one  fixed  to  the  inside  bars  and  the  inner  bushing  fixed  to  the  out«ide  bars. 
The  outer  bushings  serve  as  bearings  tor  the  chain  rollers,  while  the  inner  bushings 
act  as  chain  pins  and  receive  the  carrier  cross  rods.  It  is  to  these  cross  rods  that 
the  chains  are  readily  assembled  by  means  of  malleable  washers  and  large  cotter 
pins  on  each  aide  of  the  chain  joints — the  cotter  pins  passing  through  extensions 
of  the  inner  bushings  beyond  the  outside  bars  and  down  through  the  cross  rods. 
Lugs  in  the  steel  side  bars  are  locked  tight  to  notches  in  both  ends  of  the  bushings. 

(2  1  (CoDtiDued  OD  leooEul  followinE  page.] 
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Industr/s  War 
Belt 

THE  demand  for  reli«ble  Transmra- 
sion  Belting  has  reached  tremen- 
dous proportions  since  the  beginning  of 
the  war.  The  wear  and  tear  and  long 
grind  is  "showing  up"  weak  belts  and 
fevoring  the  strong,  husl^  ones. 
We  know  that  our  "COMMANDER" 
Transmission  Belt  is  in  growing  de- 
mand because  the  great  voliune  of 
orders  telb  us  so. 

In  fact,  we  are  just  a  little  bit  prone  to 
believe  that  "COMMANDER"  is  in 
special  demand  for  the  reason— as  useis 
will  tell  you — that  you  can't  get  a 
Transmission  Belt  for  favor  or  money 
thatwill  do  moTe — longer — thati  "COM- 
MANDER." 

Try  it  on  ^our  kardett  drio* 
it  will  »ati»fy  you 

THE  Bf.GOUDRICH  RUBBER  CDMPANT 

Mukan  of  Hw  C*l*l«lwl  Gsa^idi  ABtDmoblla  Tlna- 
"Butin  Iht  Lout  Ran" 

Tb«  Gtj  of  Goodrich-AKRON,  OHIO 

"COMMANDER" 

TRANSMISSION  BELT 


IPIcitM  mcDtian  tbii  bullctih  whan  writiuB  uiTerl 


Let  Us  Help  You  Serve 
Effectively 


Service  is  vitally  necessary  In  business  today  that 
we  may  pull  tc^ether  to  accomplish  our  common  aim. 

The  General  Electric  Company  has  located  indus- 
trial power  experts  at  alt  large  cities  in  this  country 
to  serve  industry's  electrical  requirements.  For 
instance,  experienced  textile  mill  electrical  engineers 
will  be  found  in  all  textile  centers.  Among  other 
industries  so  served  are  the  iron  and  steel,  coal  and 
metal  mining,  cement,  clay  and  glass,  lumber  and 
woodworking,  grain  and  sugar,  canning,  packing  and 
refrigeration,  shoes  and  rubber,  paper  and  wood 
pulp,  tobacco  and  cigars,  chemicals  and  gas,  and  the 
construction  and  shipbuilding. 

These  experts  are  prepared  to  co-operate  with  in- 
dustrial engineering  (irms  to  show  the  best  way  to 
drive  a  machine  or  a  factory  to  get  maximum  pro- 
duction of  highest  quality  at  minimum  power  cost. 

Back  of  these  experts  is  the  experience  gained  in 
supplying  much  of  the  electric  power  equipment  now 
used  in  American  industry  and  a  corps  of  scientists 
with  research  facilities  for  pioneer  work. 

Call  on  us  to  help  perfect  your  service  to  Ameri- 
can business. 


General  Electric  Companj^ 

Ittes 
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This  Convertible  Discharge  Ball  Mi 

Is  a  Distinctly  Advantageous  Buy 


Discharge  through  a  grating  or  directly  through  the 
trunnion  may  eventually  prove  best  for  your  par- 
ticular conditions.  Which  it  will  be  can  rarely  be 
positively  foreseen.  Why,  therefore,  tie  your  hands 
with  a  ball  mill,  inflexible  in  this  respect,  when 

The  Colorado  Convertible  Discharge  Ball  Mill 

if  installed,  may  readUy  be  changed  from  one  system 
of  discharge  to  the  other? 

In  addition  to  this  advantage,  our  ball  mills  are  of 
massive,  thorough  construction  and  embody  the  re- 
sults of  an  extensive  experience  in  ball  mill  building. 
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MILWAUKEE  MEETING,  OCT.  8  TO  11,  1916 

The  118th  m.eetiQg  of  the  Institute,  which  has  been  arranged  pri- 
marily for  the  benefit  of  the  Institute  of  Metala  Division  and  of  those 
members  who  are  particularly  interested  in  iron  and  steel,  will  be  held 
in  the  Milwaukee  Auditorium,  Milwaukee,  Wis.,  on  Oct.  8  to  11,  1918. 
This  date  has  been  selected  because  at  that  time,  and  at  the  same  place, 
the  American  Foundiymen's  Association  and  the  American  Malleable 
Castings  Association  will  hold  meetings. 

A  notable  exhibit  of  metallurgical  and  mechanical  processes  and 
products,  at  which  over  165  firms  will  be  represented,  has  been  arranged 
in  Machinery  Hall,  of  the  Auditorium  Building,  Wherever  practicable, 
the  machinery  will  be  in  operation. 

The  program  of  the  Institute's  sessions  was  published  in  BtdleHn 
141.  A  special  announcement  of  the  meeting,  together  with  a  program 
of  the  sessions  of  the  American  Foundrymen's  Association,  has  been 
mailed  to  every  member  who  was  thought  to  be  directly  interested  in 
the  meeting. 

A  report  of  the  meeting  and  of  the  discussion  of  papers  will  be  printed 
in  the  December  Bullelin. 
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PROCEEDINGS  OF  THE  ONE  HUNDRED  SEVENTEENTH  MEET- 
ING OP  THE  INSTITUTE,  COLORADO 


September  1  to  «,  1918 


COMMITTEE    I 


Finance 

T.  B.  Steams 
Richard  A.  Parker 
T.  B.  Burbridge 

Arrangement 
Dave  G.  Miller 
Frank  Bulkley 
Geo.  £.  Collins 

Entertainment 
F.  H.  Bostwick 
F.  E.  Shepard 
Howland  BancroFt 
B.  P.  Morse 
J.  G.  Perry 

Ladies  I. 

Mrs.  T.  B.  Stearns, 
Chairman 
Mrs.  C.  Loughridge 
Mrs.  H.  Bancroft 
Mrs.  G.  Bancroft 
Mrs.  W.  D.  Leonard 
Mrs.  C.  Chase 
Mrs.  F.  H.  Bostwick 
Mrs.  F.  Bulkley 


CoLOBADo  Sfrinqs 

Finance 

A.  E.  Carlton 

Spencer  Penrose 

George  M.  Taylor 

A.  L.  Blomfield,  Treaeurer 

Reaittration 
lioren  C.  Lennox 
Horace  F,  Lunt 
J.  M.  Tippett 


Thomaa  B.  Crowe 
E.  P.  Arthur 
Etienne  A,  Ritter 


Cripflb  Csbek 

Thomas  B.  Crowe 

E.  P,  Arthur,  Jr. 
N.  S.  Greenafelder 

A.  E.  Carlton 

B.  F.  Hill 

F.  G.  WilUs 
Norris  E.  Eada 
W,  E.  Ryan 
Fred  Jones 

F.  D.  Smale 
J.  H.  Haynes 
L.  W.  Lennox 
M.  R.  Valentine 


J.  D.  Hawkins 

A.  E.  Carlton 

G.  H.  Olevenger 

•adiea  Poeblo 

Mrs.  G.  M.  Taylor,  Mrs.  G.  H.  Clevenger    J.  F.  Welbom 

Chairman  H.  B.  Carpenter 

Mrs.  S_  Penrose        Mrs.  A.  E.  Carlton         L.  B.  Eames 
Mrs,  J.  D.  Hawkins  Mrs.  A.  L.  Blomtield      F.  Robinson 
Mrs.  L,  C.  Lennox    Mrs.  J.  M.  Tippett 
Mrs.  H.  F.  Lunt         Mrs.  E.  0.  van  DJest 
Mrs.  E.  A.  Ritter      Mrs,  W.  Strieby 
Mrs.  L.  S.  Harner     Mrs.  G.  L.  Bailey 
Miss  F.  Dickerman  Mrs.  E.  P.  Shove 
Mrs.  C,  L.  Tutt        Mrs.  F.  G.  Peck 
Mrs.  F.  D.  Pastorius 


It  was  peculiarly  fitting  that  the  American  mining  engineer,  holding 
a  war-time  conference,  should  have  cho8en  for  the  scene  of  the  meeting 
the  State  of  Colorado,  better  endowed,  perhaps,  than  any  other  State  J:o 
fill  the  need  for  war  minerals.  The  117th  meeting  of  the  American  In- 
stitute of  Mining  Engineers  reflected  in  both  technical  and  social  features 
an  enthusiastic  effort  to  support  every  aim  of  a  war-winning  character. 

Although  avoiding  any  lavishness  of  display  or  extravagant  enter- 
tainment, inappropriate  to  the  times,  the  Colorado  members  of  the  In- 
stitute provided  a  week  of  well  varied  instruction  and  recreation  such 
as  can  only  be  offered  amid  the  snow-peaked  mountains  of  the  State. 
The  fact  that  during  all  but  one  day  of  the  week  "nature's  dewy  tear 
drops"  fell  intermittently  failed  to  detract  from  the  successful  execution 
of  the  Committee's  plans. 

Two  days  in  Denver  and  four  in  Colorado  Springs,  from  which  ex- 
cursions were  made  to  the  Cripple  Creek  district  and  Pueblo,  comprised 
the  program.  On  Sunday,  Sept.  1,  the  visiting  members  and  their  guests 
arrived  in  Denver.     Registration  .at  the  headquarters  in  the  Brown 
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Palace  Hotel  showed  a  total  of  275  on  Sunday  night,  which  number  was 
increased  to  more  than  500  before  the  close  of  the  meeting. 

Sunday  was  spent  in  a  visit  to  the  City  Park  Museum  in  Denver; 
attendance  at  a  special  recital  on  the  municipal  organ,  said  to  be  the 
largest  and  most  complete  orchestral  organ  in  the  world;  a  special 
evening  display  of  the  electric  fountain  at  City  Park,  and  automobile 
processions  through  the  City  Parka  and  Boulevards. 

On  Monday,  Sept.  2,  shortly  after  nine  o'clock,  the  first  technical 
session  of  the  meeting  was  held.  Thomas  B:  Stearns  presided  and  directed 
the  discussion  on  Metallurgy. 

Two  hours  later,  the  delegates,  conveyed  by  automobiles,  were  in- 
specting the  electric  ferro-manganese  furnaces  of  the  Iron  Mountain 
Alloy  Co.,  at  Utah  Junction,  three  miles  from  Denver.    This  plant,  it 


was  said,  is  being  used  experimentally  for  war  purposes  preparatory  to 
latter  developments.  It  is  in  many  ways  similar  to  the  type  of  plant  at 
Anaconda,  though  lacking  some  of  the  modern  improvements. 

Monday  noon  a  luncheon  was  served  to  the  members,  and  about  one 
hundred  ladies  who  were  guests,  in  the  Denver  Club.  Following  the 
luncheon,  Thomas  B.  Stearns,  Chairman  of  the  Denver  Finance  Com- 
mittee of  the  convention,  welcomed  the  party  to  Denver  and  made  a 
bit  of  history  by  the  remark  that  inclement  weather  had  come  "for  the 
first  time  in  365  days."  Mr.  Stearns  introduced  Mayor  W.  F.  R.  Mills, 
^ho  explained  some  of  the  scenic  features  of  Denver  and  then  welcomed 
the  delegates  with  the  words  "the  City  is  vours."     President  Sidney 
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J.  JeDnings  of  the  iDstitute  thanked  Mayor  Mills  aod  the  Denver  members 
on  behalf  of  the  guests. 

Immediately  after  luncheon  the  party  left  in  automobiles  for  Lookout 
Mountain  and  Genesee  Park,  a  unique  municipal  development  in  that 
it  lies  20  miles  from  the  administrative  center.  En  route,  many  of  the 
guests  were  taken  to  the  Herold  Pottery  Works,  at  Golden,  for  an  inspec- 
tion of  the  process  of  manufacturing  high-grade  chemical  porcelain. 

Following  the  Lariat  trail  on  Lookout  Mountain,  over  rosids  built 
by  the  City  of  Denver,  the  party  reached  the  summit  in  about  one  hour 
and  a  half.  Here  is  the  grave  of  Col.  William  F.  Cody  (Buffalo  Bill) 
covered  by  native  rocks  and  stones.  Many  of  the  party  added  their 
pieces  to  the  monument,  rough  hewn  as  the  man  himself,  by  placing  a 
stone  on  hie  resting  place. 

In  the  course  of  the  afternoon's  tour,  which  included  a  trip  through 
Genesee  Park  and  along  the  banks  of  the  beautiful  Bear  Creek,  a  thunder 
storm  broke  around  the  mountains,  the  greater  part  being  in  the  clouds 
beneath  the  summit  of  Lookout.  It  was  possible  to  look  down  upon  the 
storm  from  the  high  altitude  and  after  a  few  minutes  to  observe  the  sun 
shining  through  the  great  white  clouds  as  they  parted. 

On  Monday  evening  a  dinner  was  served  informally  in  the  Denver 
Country  Club  to  some  300  persons.  Following  dinner,  F.  B.  Burbridge 
of  Denver  established  a  record  as  toastmaster  by  limiting  six  speakers 
to  a  total  of  45  minutes.  The  speakers  were  Sidney  J.  Jennings,  E.  P. 
Mathewson,  H.  Foster  Bain,  C.  W.  Goodale,  Thomas  B.  Stearns,  and 
Horace  V.  Winchell. 

On  the  following  morning  the  party  journeyed  by  motor  and  train 
to  Colorado  Springs,  arriving  at  the  meeting  headquarters,  the  Broad- 
moor Hotel,  at  about  noon.  At  one  o'clock  a  splendid  luncheon  was 
served  in  the  hotel  dining  rooms. 

An  hour  later  a  memorial  service  for  Dr.  James  Douglas,  in  the  theatre 
of  the  hotel,  was  attended  by  every  member.  President  Sidney  J. 
Jennings  presided  and,  after  paying  a  tribute  to  Dr.  Douglas,  introduced 
E.  P.  Mathewson,  representing  the  Canadian  Mining  Institute,  who, 
as  a  fellow  Canadian,  told  of  Dr.  Douglas'  early  life  in  the  Dominion; 
Walter  Renton  Ingalls,  editor  of  the  Engineering  and  Mining  Journal, 
representing  the  Mining  and  Metallurgical  Society  of  America,  who  spoke 
of  Dr.  Douglas  as  a  scientist ;  and  T.  H.  O'Brien,  representing  the  Phelps- 
Dodge  Corporation,  The  words  of  these  men  made  a  deep  impression 
upon  those  present,  (A  full  report  of  this  service  is  printed  on  a  later 
page.) 

A  series  of  motion  pictures,  showing  the  adaptation  to  industry  of 
soldiers  crippled  or  disabled  in  war,  were  later  shown  in  the  theatre. 
These  pictures  were  made  by  the  Canadian  Government  and  loaned  to  the 
Institute  by  the  U.  S.  Department  of  the  Interior.  The  opportunities 
thus  far  opened  to  cripples  from  the  war,  as  pictured,  surprised  many 
and,  as  indicated  by  informal  remarks,  strengthened  their  desire  to 
provide  "a  better  place  for  the  cripple  than  he  had  held  before  and  to  give 
him  the  preference," 

The  remainder  of  Tuesday  afternoon  was  given  over  to  two  simul- 
taneous technical  sessions,  one  on  Ore-dressing  and  Cyanidation,  pre- 
sided over  by  G.  H.  Clevenger,  and  the  other  on  Coal  and  Coke,  at  which 
A.  E.  Carlton  presided.  At  this  latter  session  many  members  of  the 
Rocky  Mountain  Coal  Mining  Institute  were  present,  though  not  holding 
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a  joint  meeting  with  the  Institute,  as  planned,  because  of  the  absence 
of  their  president. 

The  Ladies'  Committee  of  Colorado  Springs  furnished  an  interesting 
program  during  the  time  of  the  technical  sessions,  which  included  viaite 
by  automobile  to  the  Garden  of  the  Gods  and  Glen  Eyrie,  and  tea  in 
the  Castle  of  the  Glen.  Throughout  the  week  the  Ladies'  Committee 
provided  many  features  of  special  interest  to  the  visiting  ladies. 

During  Tuesday  evening  a  formal  reception  and  dance  was  held  in 
the  Broadmoor  Hotel,  continuing  until  after  midnight. 

Despite  a  heavy  mist  on  Wednesday  morning,  Sept.  4,  a  train  of 
mining  engineers  was  ready  for  a  trip  to  the  Cripple  Creek  District,  at 
8  o'clock.  A  special  train  on  the  Colorado  Midland  Railroad  was 
provided  by  the  hosts,  and  about  11  o'clook  the  party  was  skirting  the 
mountainside  in  sight  of  the  District.  The  little  town  of  Altman,  said 
to  be  the  highest  incorporated  town  in  the  world,  was  passed  and  a 
little  later  the  train  reached  Victor,  where  a  luncheon  was  served  in  a 
great  tent,  pitched  near  the  tracks,  by  the  Portland  Gold  Mining  Co. 
The  party  then  spent  some  two  hours  inspecting  the  Independence  mill. 
During  the  visit  some  of  the  guests  were  taken  through  the  Cresson  mine, 
producing  the  tiighest-grade  ore  of  the  district,  and  others  walked  or 
motored  down  the  deserted  streets  of  the  town.  The  romances,  the 
tragedies  and  the  diaappointments  of  gold  mining  in  Cripple  Creek 
were  all  in  evidence,  but  only  as  memories.  The  business  of  gold  mining 
no  longer  reads  like  a  story  book  in  Cripple  Creek. 

The  special  train  returned  to  Colorado  Springs  at  6  o'clock.  That 
evening,  Dr.  Richard  B.  Moore  opened  a  technical  session  on  Geology 
and  Mining  in  the  theatre  of  the  Broadmoor  Hotel,  with  a  series  of 
experiments  with  radium,  presented  in  a  semi-popular  manner,  and  in- 
dicating the  uses  to  which  radium  has  been  put  in  the  war.  This  was 
followed  by  the  discussion  of  other  subjects  related  to  the  topic  of  the 
evening,  H.  Foster  Bain  presiding.  During  this  session,  the  Secretary 
presented  the  following  resolution,  recommended  by  the  Board  of 
Directors,  which  was  unanimously  passed  by  the  members : 

RESOLVED:  That  the  following  minute  be  entered  in  the  Proceed- 
ings of  this  meeting,  and  that  a  copy  thereof,  signed  by  the  President  and 
Secretary,  be  sent  to  the  family  of  Dr.  Douglas. 

Through  the  death  of  James  Douglas,  this  Institute,  in  common  with  the  pro- 


fesaions  of  nuning  and  metallurgy,  and  the  representatives  of  liberal  leanuns,  technical 
education,  wise  philanthropy,  and  social  progress  throughout  the  world,  is  called 
to  deplore  the  loss  of  an  inspiring  leader,  tireless  laborer,  loyal  and  helpful  friend. 

Dr.  Douglaa'  sympathies,  quick  toward  every  worthy  cause,  were  especially 
drawn  toward  the  Institute,  oecause  its  chief  purpose,  namely,  the  free  interchange 
of  professional  knowledge  and  experience,  commanded  Lis  life-long  allegiance,  not 
only  as  a  dictate  of  wise  policy,  but  also  as  the  result  of  an  irresistible  generous  im- 
pulse. He  gave  freely;  he  gave  "himself  with  his  gift;"  and  his  reward  was  known  of 
all,  even  before  the  record  of  it,  in  the  gratitude  and  grief  of  innumerable  friends,  was 
signed  and  sealed  by  his  death.     To  them  he  was  not  only  great,  but  dear. 

Although  greeted  by  a  drizzling  rain  on  the  morning  of  Thursday, 
Sept.  5,  and  the  prediction  that  snow  was  falling  on  the  mountain,  some 
150  of  the  delegates  set  out  early  to  make  the  ascent  of  Pikes  Peak  by 
automobile.  The  first  motor  car  reached  the  top  of  the  Peak  through  a 
heavy  snow  fall  in  about  four  hours,  and  before  the  last  car  of  the  party 
had  turned  back  there  was  five  inches  of  snow  on  the  ground.    Lunch  was 
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served  at  Glen  Cove  on  the  Pikes  Peak  Highway  and,  despite  the  obstacles 
of  the  trip,  those  courageous  enough  to  take  it  were  delighted  with  the 
novelty  of  the  adventure.  During  the  afternoon,  those  who  had  remained 
at  headquarters  and  some  of  those  returning  from  the  Peak,  visited  the 
Golden  Cycle  mill  on  the  outskirts  of  Colorado  Springs.  Here  they 
observed  thd  precipitation  of  gold  on  zinc  and  the  cyanidation  of  low- 
grade  ores  on  a  vast  scale. 

Thursday  evening  was  perhaps  the  busiest  single  period  of  the  week. 
Five  meetings  were  held  between  8  o'clock  and  midnight,  all  of  the  greatest 
interest.  The  first  meeting  featured  a  series  of  motion  pictures  showing 
mining  and  milling  methods,  welfare  work,  and  the  patriotic  impulse  in 
the  daily  routine  of  the  Inspiration  Consolidated  Copper  Co.,  at  Inspira- 
tion, Arizona.  Dr.  L.  D.  Rlcketts  supplemented  the  title  explanations 
of  the  "movies"  with  concise  facts  that  made  the  exhibition  almost  as 
instructive  as  a  visit.  The  pictures  were  models  in  the  field  of  cinemato- 
graphy, even  though  made,  in  some  instances,  under  handicaps. 

President  Jennings,  at  9  o'clock,  presided  at  a  meeting  in  memory 
of  the  15  members  of  the  Institute  known  to  have  made  the  supreme  sacri- 
fice in  the  war.  A  service  flag  of  the  Institute,  showing  845  in  service, 
hung  from  the  stage,  and  as  Secretary  Stoughton  read  the  records  of 
those  who  have  died  or  been  killed  in  the  service  of  the  Allies,  their  pic- 
tures were  thrown  upon  the  screen.  Everyone  attending  at  the  Conven- 
tion joined  in  paying  tribute  at  this  service.  (A  record  of  this  meeting 
is  printed  on  a  later  page.) 

During  the  remainder  of  the  eveninj?,  three  technical  sessions  were 
held  simultaneously,  the  principal  one  being  on  Petroleum,  presided  over 
by  R.  D.  George.  The  others  were  a  continuation  of  the  discussion  of 
electrostatic  precipitation,  opened  at  Monday  morning's  meeting,  and  a 
session  on  coal  mining  problems  of  today. 

Friday  morning  dawned  auspiciously  for  the  trip  to  Pueblo,  and  an 
elaborate  program  of  entertainment  for  the  ladies.  The  majestic  hills 
forming  a  background  for  the  hotel  were  bathed  in  sunlight  and  the  air 
was  mild  and  balmy.  A  special  train  on  the  Colorado  &  Southern  Rail- 
road left  the  Springs  at  9  o'clock,  taking  the  party  south  over  the  plains 
to  Pueblo  and  thence  to  Minnequa,  where  the  works  of  the  Colorado 
Fuel  and  Iron  Co,  are  situated. 

After  an  hour's  visit  to  the  enormous  byproduct  coke  ovens,  installed 
in  July,  the  members  and  guests  were  given  luncheon  in  the  company 
clubhouse  situated  on  the  edge  of  a  small  lake.  The  desire  of  most  of 
the  party  to  spend  all  their  time  in  the  works,  which  have  established, 
with  other  steel  works,  such  an  important  place  in  war-winning  fields, 
shortened  the  lunch  period,  and  automobiles  were  pressed  into  service 
in  scores  to  return  the  delegation  to  the  works.  During  the  afternoon 
everyone  was  given  an  opportunity  to  inspect  the  Bessemer  and  open- 
hearth  processes.  Some  40  executives  of  the  plant  took  groups  of  the 
engineers  on  a  thorough  tour  of  inspection.  The  maximum  monthly 
record  for  these  works  in  production  of  steel  is  55,000  tons.  Some  600O 
men  are  employed. 

The  return  to  Colorado  Springs  was  made  on  the  special  train  about 
6  o'clock.  The  advantages  of  travel  by  special  train,  which  was  achieved 
BO  efficiently  by  the  Colorado  Committee,  relate  to  more  than  mere 
transportation.  The  opportunity  for  social  intercourse  affords  a  chance 
to  form  many  new  acquaintances,  which  are  renewed  year  after  year 
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among  the  profesaioQ,  and  are  often  cemented  into  warm  friendahips. 

During  Friday,  the  ladies  of  the  party  were  driven  by  automobile  to ' 
Crystal  Park,  where  a  picnic  lunch  was  served,  and  at  4.30  o'clock  Mrs. 
Spencer  Penrose  entertained  them  at  a  garden  party  at  El  Pomar. 

To  banquet  with  a  State  Food  Administrator  as  toastmaater  might 
seem  a  dull  form  of  amusement,  but  the  banquet  on  Friday  night,  in  the 
dining  room  of  the  Broadmoor,  which  marked  the  close  of  the  117th 
meeting,  was  a  lively  finale  for  the  week.  Twenty-four  songs,  printed 
in  booklet  form  and  most  of  them  of  a  patriotic  character,  kept  the  spirits 
of  the  party  high.  A  quartet  led  the  singing  and  their  efforts  were  assisted 
by  various  amateur  song  writers  among  the  diners.  Not  the  least 
capable  among  these  was  one  who  immortalized  the  Thursday  morning 
push  to  the  top  of  the  Peak  by  the  following  verse  —  sung  to  the  tune  of 
"There's  A  Long,  Long  Trail" — 

There's  a  long.  Ions  trail  awinding 
Up  to  the  top  of  mee  Peak, 
Where  the  sun  is  always  shining 
And  the  clouds  don't  leak. 
There's  a  long,  loi^  time  of  waiting 
Until  the  lunch  box  comes  through, 
Till  all  the  mining  engineers 
Are  sitting  down  to  chew. 

Thomas  B.  Steams  made  an  inimitable  toastmaster;  he  was  in- 
troduced by  A.  E.  Carlton. 

President  Sidney  J.  Jennings,  the  first  speaker,  stated  that  the  aim 
of  the  Institute  now  is  to  win  the  war,  and  completely  defeat  the  Hun. 
Then  he  told  of  some  of  the  work  being  done  by  members  of  the  Institute 
in  important  posts,  and  closed  with  a  warning  to  "steel  our  hearts  against 
the  insidious  propaganda  of  the  German  Government,  which  is  sure  to 
come,  and  perhaps  very  soon  when  they  realize  the  tide  has  turned  against 
them."  He  thanked  the  Institute's  hosts  for  the  entertainment  which  he 
characterized  as  delightful  in  every  respect.  ^ 

Captain  Louis  Benett,  representative  of  Andr6  Tardieu,  French  High 
Commissioner  of  France  to  the  United  States,  electrified  the  guests  by 
telling  them  that  the  present  need  is  not  for  transportation  or  food  but 
"  to  pour  as  many  tons  of  steel  as  you  have  on  the  heads  of  your  enemy." 
Tremendous  applause  greeted  hb  statement  that  "America  is  doubtless 
France's  best  friend." 

Philip  N.  Moore  then  spoke  of  the  importance  of  the  mining  engineer 
in  every  walk  of  life,  and  E.  P.  Mathewson  pictured  the  work  of  women  in 
Canadian  mining  centers.  He  said  they  do  all  kinds  of  work  around 
smelters  except  heavy  lifting,  and  that  when  women  take  their  place  in 
American  mining  it  will  be  found  that  "they  will  do  the  job  better  than 
the   men  ever  did." 

C  W.  Goodale,  who  first  came  to  Colorado  as  a  mining  engineer  in 
1876,  stated  the  cardinal  necessities  to  the  proper  administration  of  effi- 
cient mining,  »s  regards  the  employe. 

Secretary  Bradley  Stoughton  told  the  guests  of  the  auspicious  begin- 
ning; of  the  Washington,  D.  C,  section  of  the  Institute.  He  then  urged 
the  greater  use  of  the  library*  in  the  Engineering  Building  in  New  York, 
although  stating  that  it  is  now  doing  work  for  more  mining  engineers  and 
metallurgists  than  for  any  other  of  the  great  societies  in  the  building. 
He  then  explained  the  value  of  the  Index  which  first  appeared  in  the 


The  Metallc^raphy  of  Tungsten.     By  Zsy  Jeffries.     (Presented  by  title.     Written 

Bussion  by  Sir  Robert  A.  Hadfield.) 

The  Condengfttion  of  Zinc  from  Ita  Vapor.     By  C.  H.  Fulton.     (Presented  by 
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September  Bulletin;  gave  new  honor  to  the  Woman's  Auxiliary  for  their 
war  work,  especially  the  founding  of  a  dispenBary  in  France,  and  expressed 
the  great  appreciation  of  the  members  and  friends  for  the  untiring 
and  thorough  efforts  of  the  Colorado  members  in  making  the  meeting 
highly  successful,  none,  he  eaid,  having  exceeded  it  in  varied  features. 

Horace  V.  Winchell  spoke  on  the  Russian  situation,  and  Dr.  L.  D. 
Ricketts  closed  the  banquet,  telling,  in  blank  verse,  the  career  of  the  min- 
ing engineer. 

Dancing  followed  the  banquet  and  the  ballroom  was  filled  till  a  late 
hour,  as  it  had  been  on  each  of  the  four  evenings  spent  in  the  Springs. 

On  Saturday,  Sept.  7,  several  of  the  engineers  went  to  .the  Leadville 
district  to  view  the  production  of  the  many  war  minerals  of  that  locality, 
but  most  of  the  party  started  for  their  homes  on  Saturday  morning. 

Technical  Sessions 
Session  on  Metallurgy 
The  session  on  metallurgy  was  held  on  Monday  morning,  Sept.  2, 
1918,  at  the  Brown  Palace  Hotel,  Denver,  Mr.  T.  B.  Stearns  presiding. 
The  follo^ng  papers  were  presented: 

Electrolytic  Zinc.  By  C.  A.  Hansen.  (Presented  by  author  and  diacueaed  by 
Sidney  J.  /enninga  and  the  author.     Written, discussion  by  J.  L.  McK.  Yardley.) 

TTie  Manufacture  of  Ferro-alloys  in  the  Electric  Furnace,  By  R.  M.  Keeney, 
(Presented  by  the  authi    ' 

The  Metallc^raphy  < 
discussion  by  Sir  Robert  A.  ] 

The  Condensation  of  Zic 
title  and  discussed  by  E.  E.  Thui    , 

Electrostatic  Precipitation.  By  O.  H.  Eschholz.  (Presented  by  title.  Written 
discussions  by  Harmon  E.  F.  Fisher  and  G.  B.  Rosenblatt.) 

Oxygen  and  Su^hur  in  the  Melting  of  Copper  Cathodes,  By  S.  Skowronski. 
(Presented  by  title.) 

The  Relation  of  Sulphur  to  the  Oveipoling  of  Copper.  By  S.  Skowronski.  (Pre- 
sented by  title  and  discussed  by  Philip  L.  Gill.) 

The  Practice  of  Antimony  Smelting  in  China.  By  0.  Y.  Wang.  (Presented  by- 
title.) 

Session  on  Coal  and  Coke 

The  session  on  coal  and  coke  was  held  on  Tuesday  afternoon,  Sept. 
3,  Mr.  A.  E.  Carlton  presiding.     The  following  papers  were  presented : 

The  Byproduct  Coke  Oven  and  Ite  Products.  By  William  Hutton  Blauvelt. 
(Presented  by  title  and  discussed  by  Graham  Bright,  S.  A.  Moss,  John  I.  Thompson.) 

The  Use  of  Coal  In  Pulveriied  Form.  By  H.  R.  Collins.  (Presented  by  the 
author  and  discussed  by  E.  A.  Holbrook,  Captain  Walter  Graham,  Bradley  Stougnton, 
Miinor  Roberts,  Erskine  Ramsay,  H.  N.  Eavenson  and  the  author.) 

Carbocoal.  By  C.  T.  Malcoimson,  (Presented  by  the  author.  Written  discus- 
sions by  F.  W.  Sperr,  Jr.,  N.  W.  Roberts,  J.  M.  Fitzgerald,  W.  R.  Cox,  F.  R.  Wadleigh, 
Charles  Catlett,  C.  (M.Bamett,) 

Development  of  the  Coke  Industry  in  Colorado,  Utah  and  New  Mexico.  By  F. 
C,  Miller.     (Presented  by  the  author.) 

Price  Fixing  of  Bituminous  Coal  by  the  U,  8.  Fuel  Administration.  By  Cyrus 
Gamsey,  R.  V.  Norris  and  J.  H.  Allport.     (Presented  by  the  Secretary.) 

Coal  MininK  in  Washington.  By  F.  A.  Hill.  (Presented  by  title.  Written 
discussion  by  Miinor  Roberts.) 

Session  on  Ore-dressing  and  Cyanidation 

The  session  on  ore-dressing  and  cyanidation  was  held  on  Tuesday 
afternoon,  Sept.  3,  Mr.  G.  H.  Clevenger  presiding.  The  following  papers 
were  presented:  z^--  i 
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By  T.  B.  Crowe. 

Blomfield,  C.  A.  HanseD,  G,  M.  Taylor,  L.  H.  Dushak.) 

Roasting  for  Amalaamftting  and  Cyaniding  Cripple  Creek  Sulphotelluride  Oold 
Ores.  By  A.  L.  Blomneld  and  M.  J.  Trott.  (Presented  by  the  authore  and  dis- 
cussed by  J.  V.  N.  Dorr  and  J.  M.  Tibbetto.) 

The  Tailing  Excavator  at  the  Plant  of  the  New  Cornelia  Copper  Co.,  Aio,  Ariz. 
By  Frank   Moeller.     (Presented  by  the  author  and  discueaed  b;  E.  P.  Mattnewson, 

C.  A.  Hansen  and  Frank  Moeller,) 

The  Elko  Prince  Mine  and  Mill.  By  J.  V.  N.  Dorr  and  C.  D.  Dougan. 
(Presented  by  the  authors.) 

Crushing  Resiatauce  of  Various  Ores.  By  L.  W.  Lennox.  (Presented  by  the  , 
author  and  diacussed  by  R.  B.  T.  Kiliani,  C.  A.  Hansen,  V.  A.  Stout,  Rudolf  Gahl 
and  the  author.) 

Hand-fiortinK  of  Mill  Feed.  By  R.  S.  Handy.  (Presented  by  title.  Written 
discussions  by  A.  Stanley  Hill,  W.  L.  Ziegler,  L.  O.  Howard,  Clarence  A.  Wright, 

D.  C.  Bard,  S.  A.  Eaaton,  F.  A.  Thomson,  W.  H.  Linney  and  the  author.) 

The  Automatic  Separation  of  Solution  from  Solids  in  the  Hydro-metallurgical 
Treatment  of  Ore  Pul^w,     By  Bernard  MacDonald.     (Presented  by  title.) 

Fine-grinding  CVanide  Plant  of  Barnes-King  Development  Co.  By  J.  H.  McCor- 
mick.     (Presented  by  title.) 

Session  on  Economic  Geology  and  Mining  Practice 

The  session  on  economic  geology  and  mining  practice  was  held  on 
Wednesday  evening,  Sept.  4,  Mr.  H.  Foster  Bain  presiding.  The  fol- 
lowing papers  were  presented : 

Radium.  By  R.  B.  Moore.  (Presented  by  the  author  and  illustrated  by  experi- 
ments.    Discussed  by  Dr.  W.  A.  Schlesinger,  H.  J.  Seaman,  S.  A.  Moss  and  the  author.) 

Molybdenite  Operations  at  Climax,  Colorado.  By  D.  F.  Haley.  (Presented  by 
the  author.) 

Engineering  Problems  Encountered  During  Recent  Mine  Fire  at  Utah-Apex  Mine, 
Bingham  Canyon,  Utah.  By  V.  S.  Rood  and  J.  A.  Norden.  (Presented  by  V.  S. 
Rood  and  discussed  by  George  S.  Rice  and  V,  S.  Rood.) 

The  Relation  of  Sulphides  to  Water  Level  in  Mexico.     By  P.  K.  Lucke.     (Pi 


.y  title.) 
Mechanics  of  Vein  Formation,     By  Stephen  Taber.     (Presented  bj-  title.) 
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The  Mechanics  of  Vein  Formation,     By  Btephe 

Pyrite  Deposits  of  Leadville,  Colorado.  By  Howard  S,  Lee.  (Presented  by  the 
author.) 

Fireproofing  Mine  Shafts  of  the  Anaconda  Copper  Mining  Co.  By  E,  M,  Norris, 
(Presented  by  title,) 

Air  Blasts  in  the  Kolar  Gold  Field,  India.     By  E,  S,  Moore.     (Presented  by  title,) 

Man  Power.     By  J.  Parke  Channing.     (Presented  by  title.) 

Session  on  Petroleum 

The  session  on  petroleum  was  held  on  Thursday  evening,  Sept.  5, 
Mr.  R.  D.  George  presiding.     The  following  papers  were  presented: 

Gaging  and  Storage  of  Oil  in  the  Mid-Continent  Field.  By  O.  U.  Bradley. 
(Presented  by  the  author  and  discussed  by  C,  B,  Ponney.) 

An  Interpretation  of  the  So-called  Paraffin  Dirt  of  the  Gulf  Coast  Oil  Fields, 
By  A.  D,  Brokaw.  (Presented  by  title.  Written  discussions  by  W,  E,  Wrathcr, 
K,   G.  Woodruff  and  Ijee  Hager,) 

The  Theory  of  the  Volcanic  Origin  of  Salt  Domes,     By  E,  L,  DeGolyer,      (Pre- 
sented   by    title.     Written    discussion    by    J.    A,     Udden    and    E.    L.  DeGolyer, 
A  Concrete  Example  ot  the  Use  of  Well  Logs.     By  Mowry  Bates.      (Presented  by 
the  author  and  discussed  by  C.  A.  Hammill,  Dorscy  Hager  and  the  author,) 

Oil  in  Southern  Tamaulipas,  Mexico,  By  P^zcquiel  Ordonez.  (Presented  by 
title.     Written  discussion  by  V,  R,  Garfias,) 

Geology  of  the  Oil  Fields  of  North  Central  Texns,  By  Dorsey  Hager,  (Presented 
by  the  author  and  discussed  by  C.  A,  Hammill,  C.  H,  Beat,  M.  I.  Goldman,  J,  S.  Lewijj, 
A.  C.  Dennis  and  the  author.     Written  discussion  by  W.  E.  Pratt.) 
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Sti^eritw  Locations  for  Oil  Wells.  By  R.  H.  Johnson.  (PreBent«d  by  title  aLnd 
diacusaed  by  J.  L.  Lewis.) 

Losses  of  Crude  Oil  in  Steel  and  Earthen  Storage.  By  0.  U.  Bradley.  (Pre- 
sented by  the  author.) 

The  Passible  Existence  of  Deep-eeated  Oil  Deposits  on  the  Gulf  Coast.  By  A.  F. 
Lucas.     (Presented  by  title.) 

LitholoKy  of  the  Berea  Sand  in  Southern  Ohio,  and  Its  Effect  on  Production.  By 
L.  S.  Panyity.     (Presented  by  title.) 

THE  JAMES  DOUGLAS  MEMORIAL  SERVICE 

On  Tuesday  afternoon,  Sept-  3,  the  Institute  held  a  service  in  com- 
memoration of  Dr.  James  Douglas,  who  died  at  New  York  on  June  25, 
1918.     President  Sidney  Jennings  presided. 

President  Jennings. — We  are  met  here  to  show  our  appreciation 
of  the  life  of  a  great  man,  and  we  shall  gain  strength  to  do  our  own  daily 
tasks  from  the  contemplation  of  a  career  stroi^ly  founded,  continuously 
built  up,  having  the  star  of  hope  as  its  guiding  light. 

Dr.  Douglas  was  an  engineer,  a  scientist,  a  literateur  with  a  charming 
sense  of  style,  a  benefactor  with  a  singularly  wide  variety  of  interests, 
and  a  man  who  had  acquired  wisdom  and  understanding,  which  surpass 
very  great  riches.  As  the  poet  puts  it,  "  When  some  beloved  voice  that 
was  to  you  both  sound  and  sweetness  faileth  suddenly,  and  silence 
against  which  you  dare  not  cry  aches  around  you  like  some  disease  both 
strong  and  new,  we  poor  mortals  strive  to  fill  that  silence  with  words  of 
sympathy  and  appreciation."  The  very  limitation  of  these  words  shows 
our  need  of  the  light  and  guidance  which  we  can  acquire  from  the  con- 
templation of  the  life  of  Dr.  Douglas. 

Other  speakers  will  deal  with  various  phases  of  the  life  of  Dr.  Douglas; 
I  can  speak  from  personal  knowledge  of  only  one  of  his  many  benefactions 
to  the  American 'Institute  of  Mining  Engineers. 

In  1905,  Mr.  Andrew  Carnegie  gave  to  the  four  national  engineering 
societies  of  America  a  sum  of  money  suflicient  to  erect  a  large  and 
beautiful  building  in  which  to  Eouse  their  activities.  He  wisely  coupled 
with  that  gift  a  proviso  that  the  societies  should  acquire  the  title  to  the  . 
ground  upon  which  it  was  to  be  built.  That  entailed  upon  the  slender 
resources  of  the  American  Institute  of  Mining  Engineers  a  very  heavy 
burden.  Many  attempts  were  made  to  lighten  it  and  contributions  were 
made,  but  still  the  burden  was  heavy,  and  when  I  was  elected  to  the 
Board  of  Directors,  it  still  weighed  heavily  upon  us. 

Dr.  Douglas,  although  he  had  twice  filled  the  office  of  President  of  the 
Institute  and  had  given  much  of  his  time  and  thought  as  a  Director,  came 
to  the  rescue  and  undertook  to  raise  the  large  sum  of  money  that  was 
necessary  to  free  the  Institute  from  debt.  In  a  comparatively  short  time, 
in  1914,  largely  through  his  own  personal  contributions  and  those  of 
members  of  the  firm  with  which  he  was  associated,  this  burden  was 
lifted,  and  the  Board  of  Directors  and  members  of  the  Institute  were  able 
to  breathe  once  more  the  air  of  financial  freedom. 

In  addition  to  the  numerous  and  large  gifts  that  Dr.  Douglas  has 
made  to  the  Institute,  by  the  terms  of  his  will  the  sum  of  S100,000  has 
been  given  it  for  the  use  of  its  library,  and  it  is  hoped  that  this  sum, 
together  with  the  yearly  contributions  made  by  the  four  national  societies, 
will  bring  the  library  service  to  that  degree  of  perfection  which  all  those 
who  are  intereKted  in  the  library  and  its  work  aim  to  achieve. 
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I  shall  now  ask  Mr.  E.  P.  Matthewson,  a  Canadian,  to  tell  us  of  the 
early  days  of  Dr.  Douglas,  who  was  also  a  Canadian. 

E.  P.  Matthewson. — In  my  early  youth  I  knew  of  no  name  in  science 
to  compare  with  that  of  Dr.  Douglas.  He  was  associated  many  years 
with  the  late  Dr.  T.  Sterry  Hunt,  and  Dr.  Hunt  was  the  immediate  cause 
of  my  coming  to  the  United  States  from  Canada  and  entering  on  my 
professional  career  in  this  country. 

Dr.  Douglas  was  a  man  of  most  benevolent  disposition,  far-«eeing 
in  many  ways,  who,  though  possessed  of  much  wealth,  thought  nothing 
of  money;  he  had  not  the  love  of  money  at  all.  The  only  use  he  had  for 
money  was  to  do  good  to  those  who  needed  it. 

Dr.  Douglas  was  particularly  thoughtful  of  his  Canadian  fellow 
countrymen  and  particularly  of  those  who  were  engaged  in  scientific 
pursuits.  The  educational  institutions  of  Canada  were  frequently 
benefited  by  his  benevolence.  McGill  University  was  highly  favored 
by  Dr.  Douglas,  after  he  learned  of  the  financial  diiEculties  of  that  in- 
stitution. McGill,  not  being  granted  any  aid  from  the  state,  and  relying 
upon  private  benevolence,  had  outstripped  its  income  in  giving  what  it 
could  of  educational  advantages  to  Canadians,  and  it  became  necessary 
at  one  time  to  have  a  campaign  for  more  funds.  In  this  campaign  Dr. 
Douglas  responded  nobly  and  was  the  means  of  getting  the  necessary 
funds  to  go  on  with  the  good  work  of  that  University.  The  University 
from  which  he  graduated.  Queens  University,  was  also  frequently  aided 
by  his  benefactions.  Altogether,  the  sums  given  by  him  during  his  life- 
time to  Canadian  institutions  would  be  probably  up  in  the  millions, 
but  he  was  so  unobtrusive  and  so  retiring  in  his  disposition  that  he  seldom 
allowed  his  name  to  be  used  in  connection  with  these  matters  unless  it 
was  possible,  by  using  his  name,  to  influence  others  to  simitar  benevolence. 
Anywhere  in  Canada,  if  you  mention  the  name  "Douglas,"  you  will 
find  people  who  will  say  at  once,  "That  was  a  great  Canadian,  a  man  we 
all  reverenced." 

(Mr.  Matthewson  next  read  the  biography  of  Dr.  Douglas  printed  in 
the  July  6,  1918,  issue  of  the  Engineering  and  Mining  Journal.  As  a 
biography  written  by  Dr.  R.  W.  Raymond  has  also  been  published  in 
our  BuUetin  No.  141,  and  an  "Appreciation,"  by  Dr  A.  R.  Ledoux,  in 
our  Bulletin  No.  109,  it  is  hardly  necessary  to  reprint  here  the  account 
read  by  Mr.  Matthewson. — Ed.) 

Dr.  Douglas  had  the  broadmindedneas  to  introduce  the  open  door 
into  metallurgy.  Prior  to  his  advent  into  the  metallurgical  field,  the 
non-ferrous  metallurgists  in  this  country,  in  Canada,  and  practically 
all  over  the  world,  were  absolutely  oyster-like  toward  visitors.  No 
one  was  admitted  who  did  not  have  a  letter  of  recommendation  from  one 
of  the  Board  of  Directors,  at  least.  But  Dr.  Douglas,  early  in  his  career 
in  this  country,  allowed  every  one  to  come  to  the  plant  and  visit  the  mines 
with  which  he  was  connected.  He  welcomed  them,  and  argued  that  he 
was  getting  as  much  benefit  from  the  visitors  as  the  visitors  were  getting 
from  him. 

The  example  of  Dr.  Douglas  was  followed  by  many  metallurgists 
in  this  country,  and  today  we  may  say  that  there  is  hardly  a  non-ferrous 
metallui^cal  establishment  in  the  United  States  and  Canada  to  which  a 
person  who  is  honestly  seeking  information  cannot  obtain  access.  Of 
course,  during  war  times  a  few  precautions  are  taken  for  fear  that  informa- 
tion might  get  to  the  enemy.    This,  of  itself,  is  enough  to  make  Dr. 
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Douglas  called  a  great  man,  and  to  let  his  name  go  down  to  pOBterity  as 
really  the  father  of  open-door  metallurgy. 

President  Jennings. — I  will  a^k  Mr.  W.  R.  Ingalls,  Editor  of  the 
Engineering  arid  Mining  JourruU,  who  wae  thrown  in  contact  with  many  of 
Dr.  Douglas's  scientific  activities  in  the  United  States,  to  tell  ua  of  his 
achievements  as  a  scientist. 

W.  R.  Ingalls. — In  the  death  of  Dr.  Douglas  the'Institute  lost  its 
greatest  member,  the  mining  industry  lost  one  of  its  greatest  exponents, 
and  the  world  lost  a  philosopher.  Fortunate  are  we  all  that  his  works 
and  his  inspiration  live  after  him.  The  results  of  his  material  work  will 
doubtless  disappear  in  the  course  of  time,  just  as  did  most  of  the  construc- 
tion workof  the  Greeks  and  the  Romans,  but  just  as  the  teachings  of  their 
philosophers  survive,  so  will  those  of  Dr.  Douglas,  and  his  inspiration 
will  be  one  of  the  world's  greatest  possessions  forever. 

The  appreciation  of  how  great  a  man  he  was  will  be  clearer  and  keener 
in  the  future  than  it  is  now.  No  matter  how  much  we  may  think  we 
understood  him,  reflection  and  meditation  will  surely  reveal  to  us  many 
things  about  him  that  not  yet  do  we  see. 

Dr.  Douglas  was  a  very  successful  man  in  material  things,  and  it  is 
one  of  the  remarkable  features  of  his  career  that  this  kind  of  success  did 
not  begin  to  accrue  until  he  was  nearly  50  years  of  age.  It  is  even  more 
marvelous  to  us  in  his  profession  that,  although  he  attained  a  great  ^e, 
his  great  accomplishments  were  achieved  during  about  33  years,  and  those 
the  latter  years  of  his  life. 

He  became  a  captain  of  industry,  which  in  itself  was  a  distinction 
for  one  who  was  inherently  a  philosopher,  and  he  acquired  great  wealth 
for  which  he  did  not  care  and  which  he  bestowed  bounteously  upon  many 
worthy  causes;  but  ambition  for  material  power  and  a  sordid  interest 
in  acquiring  a  great  fortune  were  the  furthest  of  anything  from  his 
thoughts.  His  mind  and  his  fibre  were  different;  his  habits  were  simple; 
his  mode  of  living  was  most  modest.  His  thoughts  were  largely  of  his 
studies,  and  those  studies  were  mainly  concentrated  upon  the  improve- 
ment of  human  welfare. 

I  do  not  remember  when  I  first  became  acquainted  with  Dr.  Douglas. 
I  knew  of  him,  of  course,  from  my  introduction  into  professional  studies. 
The  beautiful  metallurgical  process  devised  by  him  in  connection  with  the 
redoubtable  Sterry  Hunt  was  one  of  the  things  that  we  were  given  to 
ponder  upon  in  the  class-room. 

I  think  I  first  met  Dr.  Douglas  about  20  years  ago  in  connection  with 
his  very  ingenious  muffle  roasting  furnace,  but  my  intimate  association 
with  him  was  during  the  last  12  years,  when  there  existed  the  relations 
which  naturally  exist  between  an  editor  and  his  most  valued  con- 
tributor, and  also  the  relations  that  exist  between  the  fellow  members  of 
committees  engaged  in  doing  public  work. 

It  has  not  been  until  his  death  that  I  appreciated  the  demands  that  I 
made  upon  him  and  the  generosity  and  the  alacrity  with  which  he 
invariably  acceded  to  them.  That  is  simply  one  of  the  revelations  of 
the  character  of  this  remarkable  man  that  come  to  us  when  he  is  no  longer 
with  us. 

Considering  his  multifarious  engagements  as  the  head  of  the  great 
mining,  railway,  and  other  industrial  enterprises,  I  am  appalled  to  think 
that  I  could  ask  him,  in  the  interest  of  the  profession  and  of  the  public, 
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to  put  his  work  aside  And  do  the  writing  and  the  speaking  that  I  and 
others  wanted  him  to  do.  For  the  very  reason  that  he  wanted  to  aid  his 
fellow  men,  he  waa  so  generous.  Oftentimes  he  would  suggest  to  me 
editorials  that  should  be  written  and  should  be  published.  Many  of  the 
most  important  editorial  expressions  that  we  have  made  to  the  pubUc 
during  the  last  12  years  have  been  the  anonymous  contributions  of  Dr. 
Douglas,  besides  those  to  which  he  so  liberally  affixed  his  name.  Often- 
times he  would  say  to  me  that  at  the  metallurgical  works  of  the  Copper 
Queen  Company  some  unportent  investigations  were  coming  to  a  head, 
investigations  whereof  the  profession  should  be  fully  informed,  and  that 
he  would  direct  his  metallurgical  men  to  work  up  papers  on  those  subjects 
for  the  benefit  of  the  industries. 

Now,  to  my  mind,  the  thing  that  above  everything  else  constitutes 
Dr.  Douglas  as  one  of  our  great  men,  a  man  greater  than  any  of  ub  yet 
appreciate,  is  just  that  interest  of  his  in  the  promotion  of  human  knowl- 
edge and  the  promotion  of  such  knowledge  as  would  better  the  welfare 
of  the  human  race  and  enable  men  to  work  more  advantageously. 

I  think  perhaps  his  first  declaration  of  the  principle  of  the  open  door, 
of  which  Mr.  Matthewson  has  spoken  ao  fittingly,  is  to  be  found  in  his 
presidential  address  to  this  body  in  1899,  and  may  I  read  just  a  few  words 
from  that  address,*  which  give  the  essence  of  his  ideas? 

The  motives  inBuencinE  the  great  body  of  writers  who,  without  a.ay  pay,  use  the 
technical  joumate  and  such  media  of  communicatioa  as  our  Transactiont,  in  order  to 
icive  to  the  brethren  of  their  craft  the  results  of  their  dearly  earned  experience  are 
various  and  compilicated,  but  in  the  majority  of  cases  the  impulse  originates  in  the 
desire  tor  reciprocity  and  in  the  hope  that  others  wiU  tell  what  they  know  in  return  for 
what  we  ourselves  communicate  and  that,  therefore,  we  shall  leam  at  least  as  much  as 
we  can  teach. 

Dr.  Douglas  himself  practised  what  he  preached.  There  was  never 
any  secret  about  operations  at  the  Copper  Queen  or  at  any  of  hia  enter- 
prises. To  every  visitor  and  applicant  for  information  the  helping  hand 
was  extended.  This  spirit  spread  among  other  managers,  and  to  that 
spirit  more  than  anything  else  ought  we  attribute  the  high  stage  of 
efficiency  to  which  our  American  mining  and  metallurgical  industries 
have  come. 

If  we  should  turn  to  the  other  side  of  the  shield,  we  should  find  that 
in  Great  Britain  these  industries  have  been  backward  forjust  the  opposite 
reason.  A  few  years  ago  I  asked  a  distinguished  lead  smelter  of  Great 
Britain  to  contribute  a  paper  upon  the  lead  smelting  industry  of  his 
country.  He  replied  that  he  could  better  contribute  a  paper  upon  the 
lead  smelting  industry  of  America,  for,  although  he  had  been  engaged  in  a 
prominent  metallurgical  center  of  Great  Britain  for  30  years  in  one  of 
the  leading  smelting  works,  and  although  in  the  same  place  there  were  two 
other  smelting  works  like  his  own,  he  had  never,  during  the  30  years, 
been  mto  either  of  them,  nor  had  either  of  those  managers  been  into  hia 
works;  but  since  this  great  war  has  been  in  progress,  our  British  friends 
have  learned  the  lesson  that  Dr.  Douglas  first  taught  in  this  coimtry. 
They  are  profiting  by  it,  they  are  collaborating,  they  are  throwing  open 
their  doors  to  one  another  for  an  exchange  of  information  to  such  an 
extent  that  they  are  perhaps  outdoing  us,  and  will  not  unlikely  compel 
us  to  look  to  our  laurels. 

'  Trans.  (1899),  W,  648. 
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And  BO  it  is  that  the  spirit  of  Dr.  Douglas  is  spreadin;;  all  over  the 
world,  not  only  through  our  own  country  and  Canada,  but  also  through 
Australia  and  Great  Britain,  as  it  will  also  spread  through  other  parts 
of  the  world,  and  it  is  for  that  reason  that  the  time  is  going  to  come  when 
the  entire  world  will  know  hira  for  the  great  philosopher  and  the  great 
prophet  that  we  already  know  him  to  be. 

President  Jennings. — I  will  now  ask  Mr.  T.  H,  O'Brien,  who  has  been 
delegated  by  the  Phelps,  Dodge  Corporation,  as  one  who  was  intimately 
acquainted  with  the  activities  of  Dr.  Douglas,  to  tell  us  of  his  work  in 
Arizona  and  the  Southwest,  and  in  America  generally. 

T.  H.  O'Bhibn. — The  death  of  Dr.  Douglas  closed  a  long,  honorable, 
and  eventful  career,  filled  with  accomplishments  that  would  have  oc- 
cupied fully  the  lives  of  several  men  of  less  marked  ability.  Seldom 
has  one  man  combined  in  the  short  span  of  human  life  such  exceptional 
achievements.  Little  can  be  said  regarding  his  knowledge  and  ability 
as  an  engineer  and  a  scientist  that  haa  not  already  been  published, 
and  is  known  to  the  members  of  this  Institute,  His  accomplishments 
were  so  varied  and  extensive  that  nothing  short  of  the  story  of  his  life, 
written  by  a  competent  biographer,  can  do  him  justice. 

I  am  not  here  to  give  a  detailed  account  of  his  business  career,  but 
rather  as  a  friend  and  an  employe  who  was  associated  with  him  for  many 
years,  to  tell  you  something  about  his  work  in  connection  with  the  com- 
pany of  which  he  was  so  long  the  executive  head,  and  to  pay  him  tribute. 

It  was  in  1880,  attracted  by  some  specimens  of  ore  sent  from  a  mine 
in  Arizona,  that  he  paid  his  first  visit  to  that  far  off  land  of  which  the 
East  then  knew  so  little,  which  had  only  lately  been  made  accessible  by 
the  construction  of  a  trans-continental  railway.  It  was  then  that  he 
became  associated  in  a  business  way  with  the  great  Southwest,  and  this 
provided  the  opportunity  for  his  exceptional  talents  in  the  development 
of  the  mining  and  railroad  possibilities  of  that  part  of  our  country  and 
of  Northern  Mexico.  He  never  lost  the  interest  thus  acquired,  and 
became  truly  western  in  his  views  and  preferences. 

The  Copper  Queen  mining  property  at  Bisbee  had  lately  been  o[)ened, 
and  this  attracted  him.  He  interested  the  late  William  E.  Dodge  and 
D.  Willis  James,  who  were  at  that  time  metal  merchants  of  New 
York  and  partners  in  the'  firm  of  Phelps,  Dodge  &  Co.  They  began 
systematic  development  work.  After  less  than  four  years  the  ore  began 
to  fail  and  dark  days  set  in  for  the  enterprise.  These  reverses  only 
stimulated  him  to  greater  effort,  and  he  persisted  in  his  belief  that 
further  development  would  culminate  in  permanent  success.  The  world 
knows  today  how  well  founded  were  his  perseverance  and  faith  in  what 
has  now  become  one  of  the  greatest  copper  properties  in  the  world,  and 
it  is  not  too  much  to  say  that  he  alone  was  the  moving  cause  of  that  suc- 
cess. It  is  significant,  too,  that  this  achievement  came  to  him  when  he 
was  nearly  fifty  years  of  age,  at  a  time  when  most  men  have  lost  the 
eager  faith  and  assurance  of  youth.  But  this  determination  was  char- 
acteristic of  the  man  so  long  as  bodily  strength  was  given  to  him  to  follow 
the  direction  of  his  ever  versatile  and  orderly  mind. 

Perhaps  the  fact  that  he  entered  the  mining  profession  at  this  time 
in  his  life  accounts  for  his  having  been  able  to  avoid  the  small  preju- 
dices prevalent  in  the  early  days  of  mining  and  smelting.  His  was  a 
larger  viewpoint,  and  everything  was  looked  at  and  considered  in  a 
bigger,  broader  way.     His  ability  to  see  ahead  enabled  him  to  make 


ifl  by  Google 


American  Institute  of  Mining  Enqineers  xvii 

provision  that  insured  the  steady  growth  of  bis  operations,  and  it  was 
thb  gift  of  broad  vision,  combined  with  the  conservative  judgment 
of  the  original  members  of  Phelps,  Dodge  &  Co.,  that  accounts  for  the 
steady  growth  of  the  enterprise.  He  was  a  dreamer  of  dreams;  he  saw 
possibilities  where  others  saw  none;  but  he  hved  to -see  his  dreams  come 
true. 

He  and  his  associates  extended  their  operations  to  a  consolidation 
with  the  Atlanta  Company,  and  later  to  the  districts  of  Morenci  and 
Globe,  in  Arizona,  Nacozari  in  Mexico,  and  afterward  to  Tyrone  in. 
New  Mexico.  The  satisfactory  development  of  these  mining  and  smelt- 
ing operations  under  Dr.  Douglas'  guiding  hand  soon  led  him  to  acquire 
for  the  company  the  coal  imnea  and  coking  plant  at  Dawson,  New 
Mexico. 

The  growth  of  these  numerous  enterprises  emphasized  the  urgent 
need  for  better  transportation  facihtira.  The  ability  of  their  founder  was 
equal  to  the  necessity,  and  Dr.  Douglas  now  turned  his  attention  to  the 
construction  of  the  El  Paso  &  Southwestern  Railway  system,  connecting 
the  various  minii^  and  smelting  plants  with  the  newly  acquired  coal 
property.  He  thus  became  a  buOder  of  railroads  and  a  master  of  trans- 
portation as  successful  as  he  had  been  in  exploiting  the  mining  industry 
of  the  Southwest. 

What  the  magnitude  of  these  operations  has  meant  to  the  Southwest, 
and  especially  now,  during  the  great  world  war,  can  only  be  appreciated 
by  those  who  know  the  extent  of  the  aid  they  are  giving  to  the  country 
and  its  allies  in  providing  raw  materials  so  necessary  to  the  successful 
carrying  on  of  the  war.  Truly  it  may  be  said  that  this  man  did  not  lay 
down  his  cares  until  he  had  fully  done  his  part  toward  winning  the  great 
war  for  permanent  peace  and  equal  rights  for  humanity. 

During  the  development  of  the  different  Phelps-Dodge  mines,  mills, 
and  smelters,  there  waa  no  man  in  America,  or  perhaps  in  the  world, 
who  did  more  than  Dr.  Douglas  to  break  down  the  secrecy  as  to  methods 
that  was  prevalent  years  ago  in  the  great  industrial  enterprises.  He  be- 
lieved in  frank,  reciprocal  relations  between  competitors  in  business, 
and  in  the  greater  efficiency  that  would  grow  from  this  policy.  Those  in 
charge  of  his  industrial  plants  were  instructed  to  give  every  facility  to 
those  who  earnestly  sought  to  learn.  His  views  on  this  subject  were 
fully  justified,  and  it  became  a  matter  of  common  knowledge  in  the  busi- 
ness world  that  his  enterprises  occupied  a  unique  and  enviable  position 
among  like  institutions.  We  can  only  conjecture  what  great  influence 
this  sound  policy  had  in  the  economic  development  of  the  country  and 
the  world. 

His  sympathetic,  kindly  and  democratic  nature  toward  all  classes  of 
his  employes,  and  toward  those  with  whom  he  came  in  contact,  endeared 
him  to  each  and  every  one,  and  to  them  he  was  a  close  personal  friend 
who  always  had  their  interests  at  heart.  He  was  lovingly  called  "The 
Professor"  by  the  older  prospectors  and  miners,  and  was  a  familiar  figure 
in  all  southwestern  mining  camps  in  the  early  days. 

His  philanthropies  were  many,  broad,  and  effective.  In  this  he 
avoided  publicity,  and  it  will  never  be  known  to  what  extent  he  aided 
his  fellow  man.  Individuals  alone  were  not  his  only  charity,  but  he  also 
went  to  the  assistance  of  many  educational  institutions  and  scientific 
bodies.  He  ever  stood  ready  to  give  counsel,  and  many  a  rough  place 
he  made  smooth  for  a  younger  or  less  fortunate  fellow. 
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He  was  perhaps  the  most  conversant  maa  on  a  wide  number  of  sut> 
jects  as  one  could  ever  hope  to  meet — equally  at  ease  with  any  subject, 
unusually  well  informed  on  all. 

He  was  always  ready  to  recognize  and  reward  merit,  and  cared  noth- 
ing for  mere  place  or  position.  He  was  splendidly  thoughtful  of  those 
who  worked  with  him  in  his  great  enterprises,  from  the  highest  to  the 
lowest,  for  their  comfort  and  well  being,  and  no  one  enjoyed  greater 
loyalty  and  respect  from  his  associates  and  employes. 

It  has  seldom  been  given  to  one  man  to  see  the  well  ordered  success 
of  his  life  work  so 'completely  realized,  leaving  it,  as  he  did,  with  the 
knowledge  that  he  had  earned  and  received  the  genuine  love  and  respect 
of  all  who  knew  him. 

To  us  who  worked  with  him,  his  life  is  now  a  splendid  memory  which 
we  will  carry  with  us  as  an  inspiration  to  the  end  of  our  days. 


IN  MEMORIAM 


jIt  is  probably  safe  to  estimate  that  at  least  one  hundred  members  of 
the  Institute  have  already  given  their  lives  to  the  United  States  and  its 
Allies  in  the  present  war,  but  the  following  notes  include  all  those  of  whose 
deaths  we  have  definite  information. 


LEWIS  NEWTON  BAILET 


Lewis  Newton  Bailey, 
Master  Engineer  in  the  4th 
Regiment,  U.  S.  Engineers, 
died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30, 
1918.  An  account  of  his  pro- 
fessional work,  prepared  by 
Stanly  A.  Easton,  his  former 
employer  at  Kellogg,  Idaho, 
was  published  in  Bulletin  No. 
140,  August,  1918. 


Lewis  Newton  Bailey. 
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LmUTBHiLNT  LOUIS  BAIRD 

Louis  Bftird,  a  Lieutenant  in  the  Royal  Field  Artillery  of  the  British 
Army,  died  on  the  battlefield  in  1915. 

Lieutenant  Baird  was  born  July  28,  1880,  at  Stirling,  Scotland.  His 
technical  education  was  obtained  at  King's  College,  Melbourne,  Australia, 
in  1893  to  1895,  and  at  the  Technical  College  at  Glasgow,  Scotland,  in 
1897  to  1900.  After  an  apprenticeship  with  the  Mexican  J.  &  6.  Rec.  Co. 
of  Mexico,  lasting  from  19{X)  to  1903,  he  became  mill  superintendent  for 
the  Cis.  Alinera  Benito,  at  Juarez,  Zac.  During  the  year  1905-6  he 
was  assistant  manager  of  the  Candelaria  y  Ancxas,  at  Pinos,  Zac,  and  from 
1906  to  1907  was  engineer  with  the  Cia.  Minera  Jalisco,  San  Sebastian, 
Jalisco. 

At  the  time  of  his  admission  to  the  Institute,  in  1908,  he  was  practis- 
ing as  a  mining  engineer  at  Etzatlan,  Jalisco,  Mexico.  For  the  next  four 
years  he  practised  his  profession  in  the  City  of  Guadalajara,  Jalisco, 
removing,  in  1913,  to  Ixtlan  del  Rio,  in  the  State  of  Tepie.  It  was  from 
here  that  he  returned  to  England  to  put  his  services  at  the  disposal  of  the 
British  Government.  The  Institute  is  not  definitely  informed  as  to  how, 
where,  or  when  Lieutenant  Baird  met  his  death. 


WILLIAH  HORLBT  COBELDICK 

William  Morley  Cobeldick,  one  of  the  British  Royal  Engineers,  died 
from  gas  poisoning  on  Oct.  7,  1915. 

Mr.  Cobeldick  was  born  March  21,  1SS2,  in  London,  England,  where 
his  early  education  was  obtained  at  the  Finsbury  Technical  College.  In 
1898  he  was  employed  by  the  British  Columbia  Exploring  Syndicate  as 
electrical  engineer  with  their  gold  dredging  plant  on  the  Fraser  River, 
British  Columbia,  his  principal  work  being  the  erection  and  operation 
of  the  power  plant,  to  which  were  added  certain  assaying  and  metallurgical 
duties.  The  Government  of  British  Columbia  awarded  him  a  diploma 
for  efficiency  in  work  of  this  character. 

In  1901  he  became  works  manager  and  chemist  to  the  Metal  Trust, 
Ltd.,  of  London,  and  for  four  years  was  instrumental  in  developing  the 
Swinbourne-Ashcrofts  chlorine  process  for  treating  lead-zinc  sulphides. 
The  years  1905  to  1907  he  spent  at  the  Royal  School  of  Mines,  lindon, 
at  the  conclusion  of  which  he  was  awarded  the  Bessemer  Medal  and  prize 
in  the  Department  of  Metallurgy.  The  next  six  months  he  spent  in 
insptecting  metallurgical  plants  in  Great  Britain  and  Europe. 

Beginning  in  1907,  he  spent  the  next  two  years  in  the  development 
of  a  process  for  treating  tin-copper  sulphides  from  the  Oonah  Mines, 
Ltd.,  of  Tasmania,  which  involved  the  erection  and  operation  of  an 
experimental  reverberatory  plant  and  leaching  appliances  for  the  treat- 
ment of  this  ore  at  Swansea;  in  this  work  he  was  associated  with  Messrs. 
A,  Hill  and  Stewart  of  London.  The  first  part  of  1910,  he  spent  in  making 
a  special  study  of  the  treatment  of  copper-tin  mattes  and  alloys  and  was 
then  appointed  chemist  to  the  Wallaroo  &  Moonta  Mining  &  Smelting 
Co.,  at  Wallaroo,  South  Australia,  which  position  he  occupied  at  the  time 
of  hiB  admission  to  the  Institute,  in  1913.  The  following  year  he  returned 
to  England  and  at  once  entered  upon  his  military  service. 
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RALPH  DOUGALL 

Ralph  Dougall  enliBted  as  a  private  in  the  Fourth  University  Com- 
pany of  the  Princess  Patricia  Regiment,  dechning  the  solicitation  of  his 
friends  that  he  should  apply  for  a  commission.     He  was  killed  in  action 
early   in   the   war   and   only 
shortly  after  having  become  a 
member  of  the  Institute. 

He  was  born  at  Montreal, 
Canada,  in  1875.  His  earliest 
education  was  received  in 
Montreal  but  was  continued 
from  1885  to  1892  at  schools 
and  academies  in  Brooklyn, 
Whitestone,  and  Flushing,  L. 
I.  For  his  technical  educa^ 
tion  he  returned  to  McGill 
University,  where  he  gradu- 
ated in  1897. 

His  first  professional  occu- 
pation was  as  transitman  en- 
gaged in  the  running  of  town- 
ship lines  in  the  Rainy  River 
District  of  Ontario.  In  1899, 
he  was  made  assistant  chemist 
at  the  Guggenheim  smelter 
at  Aguascahentea,  Mexico. 
From  1900  to  1903,  he  was 
Ralph  Douoall.  chief  chemist  for  La  Compahia 

Minera  de  Pefiolea,  at  Mapimi, 
Durango.  We  have  no  information  as  to  his  pursuits  during  the  next  eight 
years,  but  from  1911  until  1914,  when  he  became  a  member  of  the  Insti- 
tute, he  was  chief  engineer  for  the  Bankhead  mines  in  Alberta,  Canada. 

LmUTENANT-COLOHEL  ALFRED  WINTER  EVANS 

Lieutenant-Colonel  Evans,  who  was  in  command  of  the  Third 
BattaUon  of  the  New  Zealand  Rifle  Brigade,  and  had  been  cited  in  Dis- 
tinguished Service  Orders  and  received  the  Distinguished  Conduct  Medal, 
was  killed  in  action  on  Oct.  12,  1917. 

Alfred  Winter  Evans  was  born  in  Natal,  South  Africa,  in  1881, 
and  received  his  preliminary  education  in  the  Durban  High  School, 
For  the  next  five  years  he  attended  St.  George's  School  at  Harpenden 
Heights,  England,  until  1898.  Returning  to  South  Africa,  he  worked 
for  three  months  of  1898  as  underground  sampler  for  the  Crown  Deep 
Gold  Mining  Co.,  at  Johannesburg,  and  for  six  nlonths  of  the  following 
year  he  was  shift-boss  for  the  Crown  Deep,  Ltd.  At  the  outbreak  of  the 
Boer  War  he  took  an  active  part  and  was  engaged  on  military  service  from 
1899  to  1902.  At  the  close  of  the  war,  became  to  New  York  and  attended 
the  Columbia  School  of  Mines,  where  he  graduated  with  the  degree  of 
E.  M.  in  1906.  A  part  of  that  year  he  spent  as  a^ayer  to  a  mining  com- 
pany at  Poland,  Arizona. 

In  1907,  he  returned  to  South  Africa  and  engaged  as  underground 
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coDtractor  in  charge  of  mining  and  development  at  a  number  of  the 
South  African  mines,  notably  the  French-Rand,  the  Village  Main  Reef, 
the  City  Deep,  and  others.  In  1908,  he  acted  as  shift-boss  for  the  Fer- 
rerra  Gold  Mining  Co.  at  Johannesburg.  In  1909,  he  was  appointed 
acting  general  manager  for  the  Consolidated  Goldfields  of  New  Zealand, 
but,  returning  to  South  Africa,  for  the  next  two  years  he  was  assistant 
general  manager  of  the  Simmer  Deep  Gold  Mining  Co.,  at  Johannesburg. 
In  June,  1911,  he  returned  to  New  Zealand  as  general  manager  and  con- 
sulting engineer  for  the  Consolidated  Goldfields  of  New  Zealand,  at 
Reefton,  which  position  he  held  at  the  time  of  his  admissioQ  to  the 
Institute  in  1914.  Early  in  September,  1915,  he  left  New  Zealand  for 
active  service  in  France. 

LIEUTENANT  THOUAS  CLARENCE  GORMAN 

Thomas  C.  Gorman,  a  lieutenant  in  the  Second  Tunnelling  Company 
of  the  Canadian  Engineers,  was  killed  in  France  on  March  18,  1918.  -He 
was  resting  in  his  sleeping  hut  and  was  in  the  act  of  writing  a  letter 
when  a  bursting  shell  killed  him. 

Lieutenant  Gorman  was  born  in  Ottawa,  Canada,  in  1888,  and  after 
preliminary  education  at  Ottawa  University  and  the  Ottawa  Collegiate 
Institute,  he  graduated  from  McGill  University  in  1912,  as  a  mining 
engineer.  The  year  1909  was  occupied  at  one  of  the  Canadian  graphite 
mines,  and  the  summer  of  1911  he  spent  with  the  Granby  Mining, 
Smelting  &  Power  Co,,  Ltd.  At  the  time  of  his  admission  to  the  Institute, 
in  1914,  he  was  sampler  with  the  Dome  mines  at  South  Porcupine, 
Ontario.  His  next  engagement  was  at  the  Creighton  mine,  Ontario, 
but  in  1916  he  joined  the  Canadian  Expeditionary  Force  and  went  to 
England.  The  Institute  has  not  yet  been  able  to  get  into  communication 
with  Mr.  Gorman's  parents  in  order  to  secure  more  detailed  information 
and  a  photograph. 

LtEUTENANT  VILLUH  HAGUE 

WiUiara  Hague,  Ist  Lieutenant  Co.  F,  I16th  Regiment  of  Engineers, 
and  a  member  of  the  Institute  since  1906,  died  of  pneumonia  in  France, 
on  Jan.  1,  1918. 

Lieutenant  Hague  was  born  in  Orange,  N.  J,,  March  31,  1882,  the 
son  of  the  late  James  D.  Hague,  a  distinguished  mining  engineer  and  a' 
life  member  of  the  Institute,  and  Mary  Ward  (Foote)  Hague,  of  Guilford, 
Conn.  He  attended  Milton  Academy,  Milton,  Mass.,  and  was  graduated 
from  Harvard  in  the  class  of  1904.  He  was  a  nephew  of  the  late  Arnold 
Hague,  of  the  United  States  Geological  Survey.  Seven  years  ago  he 
married  Elizabeth  Stone,  of  Milton,  who  with  their  son,  James  D.  Fbgue, 
six  years  old,  survives  him. 

Lieutenant  Hague's  mining  career  began  immediately  after  his  gradua- 
tion from  Harvard,  when  he  went  to  Bisbee,  Ariz.,  to  be  a  surveyor's 
helper  in  the  mines  of  the  Copper  Queen  ConsoHdated  Mining  Co.  In 
1905,  he  became  an  instrument  man,  being  engaged  on  the  construction 
work  of  the  Copper  Queen  smelting  plant  at  Douglas,  Ariz.  In  the 
latter  part  of  the  same  year  he  was  transferred  to  the  geological  depart- 
ment of  the  company,  being  occupied  in  that  work  until  May,  1906.  The 
summer  of  1906  was  spent  in  prospecting  in  Michigan;  but  in  the  autumn 
he  returned  to  Arisona  as  assistant  in  construction  of  the  Copper  Queen 
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triuii  at  Douglaa,  and  remained  on  that  work  until  October,  1907.  The 
aatomn  and  winter  of  1907-08  he  spent  in  traveling  in  the  United  States 
and  Mexico,  his  purpose  being  to  broaden  his  experience;  wherefore  he 
proceeded  leisurely,  occasionally  taking  a  position  for  a  abort  time.  Thus, 
for  two  months  he  was  employed  as  a  shjft  boss  in  the  cyanide  plant  of 
the  Guanajuato  C'on'K»lidated  and  Milling  Company. 

A  serious  illness  that  befell  him  in  1908  kept  him  from  work  during 
the  major  part  of  that  year,  but  upon  his  recovery,  in  December,  he  was 
appointed  manaj^ng  director  of  the  North  Star  Mines  Co.,  a  famous  and 
successful  gold-mining  enter- 
prise in  CaUfornia,  with  which 
his  distinguished  father  had 
been  identified  for  a  great 
many  years. 

HowRver,  William  Hague 
could  not  keep  away  from 
purely  professional  activities 
in  directions  wherein  he  was 
intensely  interested,  and  dm-- 
ing  a  considerable  part  of 
1909  and  1910  he  was  engaged 
in  geological  work  at  Bisbee, 
Ariz.,  for  the  Copper  Queen 
Consolidated  Mining  Co., 
making;  occasional  trips  to 
(^ra.ss  Valley,  Cat. 

From  June,  1910,  up  to 
the  time  when  he  entered  the 
United  States  Army,  Mr. 
Hague  resided  at  Grass  Vallej' 
as  managing  director  of  the 
North  Star  Mines  Co.;  but 
during  1911  he  joined  J.  U. 
Finlay  as  assistant  in  the  ad- 
praisal  of  copper  mines  for  the  State  of  Michigan. 

Lieutenant  Hague  attended  the  Officers'  Training  Camp  at  Plattsburg 
in  September,  1916.  After  receiving  his  commission,  he  was  called  to 
the  Engineers'  Training  Camp  at  Vancouver  Barracks,  Oregon,  last 
spring.  Later  he  was  transferred  to  the  camp  at  American  Lakes,  near 
Tacoma,  and  from  there  to  Charlottcville,  N.  C.  He  was  ordered  with 
his  regiment  to  Mineola  last  November,  and  soon  afterward  left  for 
France.  His  family  received  news  of  his  safe  arrival  abroad  Dec.  15 
last.  Since  then  a  cable  of  Christmas  greetings  to  his  family  was  the 
only  word,  received  from  him. 

In  the  New  York  Evening  Post  a  few  days  after  news  of  his  death 
had  been  received,  there  was  a  tribute  froman  anonymous  friend  which  may 
well  be  repeated: 

A  few  abort  weeks  ago  there  was  the  bMstie  of  camps;  then  a  great  silent  flitting  of 
our  boys  going  "over  there,"  and  now  there  are  commencing  the  firat  brief  lists  of 
those  who  arc  to  lie  in  the  torn  fields  of  France.  Today  we  read  of  Lieut.  William 
Hague,  whom  wi;  said  Rood-by  (o  hardly  more  than  a  month  ago— 80  clean,  so  young, 
so  strong— who,  abandoning  the  professional  career  in  which  he  had  won  such  com- 
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mendatJon  and  which  held  for  him  aucb  promise,  leaving  hia  wife  and  hU  little  boy 
to  whom  he  waa  so  dear,  answered  at  once  the  call  for  men  of  his  training,  and  is 
DOW  dead  "in  the  service  of  hia  country." 

There  are  many  friends  of  that  courtly  and  dignified  gentleman  James  D.  Hague 
who  recall,  both  here  and  in  Stockbridge,  the  parental  pride  in  the  promising  lad  of 
such  a  little  time  ago — the  eager  schoolboy  at  Milton,  the  rather  grave  youth  at  Har- 
vard, his  entry  into  new  experiencea  in  the  Western  miniiig  world,  and  who,  seeing 
him  during  his  stay  at  Camp  Upton,  realized  that  the  old  Puritan  stock  was  still 
sound  and  true — and  now  with  him  the  struggle  is  over  and  the  sacrifice  made. 

CAPTAIN  Wn,LUH  TEASDALB  HALL 

Captain  Hall,  who  was  admitted  to  Junior  Membership  in  the  Institute 
in  1915,  while  still  a  student  of  mining  at  the  University  of  Toronto, 
was  killed  in  action  in  France  on  May  19,  1917, 

Captain  Hall  was  born  in  Toronto  in  1893,  and  received  his  academic 
training  at  Harbord  College,  from  1908  to  1911,  when  he  entered  the 
University  of  Toronto,  School 
of  Practical  Science.  During 
the  three  summer  vacations  of 
his  university  course,  he  was 
employed  by  the  O'Brien  mine 
at  Gowganda,  next  by  the 
Mclntyre  Mining  Co.,  at 
Porcupine,  and  finally  by  the 
Mines  Branch  of  the  Geolog- 
ical Survey,  which  was  con- 
ducting magnetic  surveys  to 
the  north  of  Port  Arthur. 

When  war  was  first  de- 
clared, Mr.  Hall  endeavored 
to  join  the  artillery  as  an 
officer,  and  for  the  purpose 
secured  a  provisional  lieuten- 
ancy with  a  Hamilton  battery, 
but  he  did  not  receive  an  over- 
seas appointment,  and  on 
being  graduated  as  a  mining 
engineer  in  1915,  he  was 
offered   a  position   in   Chile, 

which  he  accepted.     He  left  Captain  William  T.  Hall. 

Toronto   on    May   27,   1915, 

and  was  engaged  in  Chile  as  a  mining  engineer  for  nearly  a  year.  In  the 
latter  part  of  April,  1916,  he  decided  to  offer  himself  again  for  service 
at  the  front.  He  crossed  the  Andes  and  sailed  for  Liverpool,  where  he 
landed  on  May  13,  1916. 

On  May  27,  1916,  Captain  Hall  was  given  a  commission  as  a  lieu- 
tenant in  the  Royal  Flying  Corps,  2Ist  Squadron.  He  went  to  the 
front  on  Sept.  1,  1916,  and  remained  there  continuously.  His 
record  with  the  Royal  Flying  Corps  was  considered  a  remarkable  one, 
for  he  was  at  the  front  within  two  months  of  the  date  on  which  he  was 
granted  a  commission,  during  which  interval  he  took  the  prescribed  tech- 
nical course  at  Oxford,  and  aviation  training  at  Netheravon_aDd  Bristol. 
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On  Sept.  14,  1916,  he  took  his  first  flight  over  the  Germau  lines,  when 

bis  engine  stalled  and  he  had  to  volplane  down,  fortunately  landing  on 

the  French  aide  of  the  lines.     On  Sept.  16,  he  went  over  the  lines  with 

six  others,  and  not  returning  immediately  with  the  others,  was  lost. 

He  tried  to  make  for  the  sea  and  come  back  following  the  course  of  a 

river,  but  when  he  did  descend  he  found  that  he  was  60  miles  west  of 

Paris  and  100  miles  south  of  his  lines.     He  flew  over  to  Paris  and  stayed 

there  for  the  night,  going  back  to  his  squadron  the  next  morning.     Then 

on  Oct.  4,  he  was  sent  up  at  night  for  the  first  time,  and  in  making  a 

landing  he  passed  the  flares  just  as  he  struck  the  ground,   which  put 

him  in  total  darkness.     He  struck  something  and  his  machine  turned 

a  complete  somersault,  which  accident  put  him  in  the  hospital  for  ten  days. 

In  December,  1916,  he  left  the  2l3t  Squadron  and  was  transferred 

to  the  24th,  as  the  21st  was  made  an  Artillery  Squadron  and  he  preferred 

to  remain  a  fighting  scout.     In  the  same  month,  he  was  made  Acting 

Flight  Commander  for  about  6  weeks,  and  about  April  3, 1917,  his  rank  of 

Flight  Commander  was  confirmed.     The  beginning  of  May  he  started  to 

introduce  a  number  of  new  machines  for  his  squadron,  these  being  of  an 

entirely  new  type.     On  May  19,  he  was  up  with  one  of  the  machines 

in  the  evening,  practising  sharp  turns  and  dives,  when  the  wings  suddenly 

crumpled  up  and  he  fell  700 

ft.,  being  killed  instantly.    He 

-  was     buried     in     a     French 

Cemetry  at  Monchy  Lagache 

about  S  miles    southeast    of 

Perron ne,  and  about  25  miles 

east  of  Amiens. 


Bernhardt  Edward  Heine, 
a  lieutenant  m  the  Aviation 
Service  of  the  U.  S.  Army, 
died  as  the  result  of  a  fall  in 
an  aeroplane  at  Fort  Sill, 
Okla.,  on  Aug.  10,  1918.  The 
accident  occurred  on  Aug-  2, 
when  the  machine  in  which  he 
was  flying  with  Lieutenant 
Carsons  fell  from  a  height  of 
1500  ft.;  Lieutenant  Carsons 
was  instantly  killed,  but  Lieu- 
tenant Heine  died  from  his 
Lieutenant  Bernuabdt  E.  Heine.  injuries  a  week  later. 

Lieutenant  Heine  was  born  at  Mount  Clemens,  Mich.,  in  1895, 
After  attending  the  local  High  School  he  entered  the  Michigan  College 
of  Mines,  and  became  a  Junior  Member  of  the  Institute  while  still  a 
student.     He  graduated  in  1916,  with  the  degree  of  B.  S. 

In  1914  he  served  as  a  transitman  for  the  engineering  department 
of  the  City  of  Hancock,  Mich. 

Lieutenant  Heine  had  been  in  the  army  since  1916,  having  been  with 
the  troops  at  the  Mexican  border.  He  had  been  in  the  Aviation  Section 
since  August,  1917. 
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CAPTAIN  JOHN  DUSR  IRVING 

John  Duer  Irving,  Captain  in  the  11th  Regiment  of  Engineers,  and 
formerly  Professor  of  Economic  Geology  at  the  Sheffield  Scientific 
School,  died  of  pneumonia  in  France,  on  July  26,  1918,  An  accountof 
hia  life,  and  an  appreciation  of  hia  personality,  written  by  Prof.  James  F. 
Kemp,  with  whom  Captain  Irving  was  on  terms  of  intimate  friendship 
for  many  years,  was  pubhahed  in  Bidlelin  No.  141,  September,  1918. 

A  copy  of  the  following  letter  written  by  Major  Evarte  Tracy  to 
President  Hadley,  of  Yale  University,  has  been  handed  us  for  publi- 
cation through  the  courtesy  of  Mr.  B.  B.  Lawrence. 

July  27,  1918. 
Dear  President  Hadley: 

Before  this  re&chea  you,  you  may  have  heard  of  the  death  of  Captain  Irviag,  which 
occurred  last  night. 

1  only  wish  to  t«U  you  what  a  loss  it  has  been  to  the  Army.  It  is  always  sad  to 
have  anyone  die  here  otherwiBe  than  in  action.  In  the  latter  event  one  always  feels 
that  it  is  a  proper  and  glorious  death. 

Captain  Irving  died  as  gloriously  as  any  man  in  the  service  ever  died.  He  gave 
all  he  nad.  The  amount  of  work  he  accomplished  here  in  the  design  and  adoption  of 
his  methods  in  mining  and  shelter  dugouts,  which  are  the  only  life  savers  when 
batteries  are  registered  by  the  enemy,  was  beyond  calculation. 

Re  worked  himself  to  death,  and  in  the  face  of  opposition  proved  that  he  was 
right,  time  after  time.  We  all  remonstrated  with  him  at  his  hours,  but  his  devotion 
to  duty,  as  he  conceived  it,  lowered  his  vitality,  and  pneumonia,  following  a  bad 
attack  of  the  so-called  Spanish  grippe,  cut  him  down. 

When  I  tell  you  that  since  he  was  taken  ill,  the  personnel  department  has  been 
over  the  records  of  over  Mty  men.  trying  to  find  someone  to  take  his  place,  without 
success,  you  can  appreciate  his  value  to  the  service. 

If  you  can  let  any  of  his  friends  know  what  we,  his  close  associates  here  feel, 
about  bis  loss  we  will  appreciate  it.  No  one  here  has  done  more  for  the  United 
States  than  he  has. 

LmUTENANT  EDWASB  HALE  PERRY 

At  the  height  of  the  first  great  German  offensive  of  the  Spring  of  19IS, 
Edward  Hale  Perry,  of  Boston,  First  Lieutenant,  Company  D,  Sixth 
Regiment  Engineers,  U.  8.  Army,  was  killed  on  March  30,  near  Warfusee 
— Abancourt,  Picardy,  France,  while  defending  the  Bois  des  Tailloux 
against  the  terrific  plunge  aimed  at  Amiens. 

lieutenant  Perry  was  bom  in  Boston,  Jan.  23, 1887,  the  son  of  Georgi- 
anna  W.  and  the  late  Charles  F.  Perry.  After  completion  of  his  college 
preparatory  course,  he  travelled  for  a  year  in  South  America  and  Europe 
before  entering  Harvard  with  the  class  of  1910.  It  might  have  been  re- 
garded as  the  natural  thing  for  Perry,  upon  graduation,  to  choose  a  path 
that  would  lead  to  a  business  or  professional  career  at  home,  but  there 
were  in  his  character  a  solidity,  a  horror  of  -sham,  a  contempt  for  the 
"soft"  things,  and  a  love  of  the  open  which  caused  him  to  be  attracted  to 
a  life  of  stem  and  sturdy  reality.  Accordingly,  he  entered  the  graduate 
mining  school  at  Harvard,  and  received  the  degree  of  Mining  Engineer 
in  1913.  In  the  meantime,  two  summers  spent  in  Western  mining  camps 
had  attracted  him  particularly  toward  the  geological  aspects  of  mining 
so  that  the  latter  part  of  his  course  was  directed  definitely  toward  mining 
geology. 

Because  of  his  evident  aptitude  for  geological  problems,  his  mental 
and  moral  integrity,  and  his  boundless  enthusia.'ii.n,  Perry  was  asked 
upon  his  graduation  from  the  mining  school  to  join  the  staflf  of  the 
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Secondary  Emichmeiit  Investigation.  This  he  did,  giving  his  services 
without  compensation,  though  relinquiahing  in  consequence  an  attract- 
ive opening  in  the  geological  department  of  one  of  the  large  mining 
companies  of  the  Southwest.  For  two  years  he  was  thua  engaged  in 
intensive  geological  study  of  the  principal  copper  mines  of  the  country. 
During  this  period,  his  scientific  development  and  his  growth  in  judg- 
ment and  poise  made  a  profound  impression  on  those  most  closely  as- 
sociated with  him.  And  the  value  of  his  efforts  and  his  spirit  in  the  work 
of  the  organization  is  beyond  measure  or  recompense. 

At  the  conclusion  of  the  field  work  of  this  investigation  in  1915, 
Perry  joined  Dr.  Augustus  Locke,  who  had  been  associated  in  the  same 
research,  and  took  up  pro- 
fessional practice  in  mining 
geology.  In  this  Perry  met 
with  instant  and  conspicuous 
success,  winning  as  much  by 
his  personal  force,  his  ready 
grasp  of  every  phase  of  a 
situation,  and  his  ability  to 
bring  men  to  his  point  of 
view,  as  by  his  conscientious 
study  and  keen  understanding 
of  the  conditions  of  ore  oc- 
currence and  his  sanity  in 
interpretation  and  recommen- 
dation. 

Notwithstanding  his  un- 
usual success  in  commercial 
work,  Perry  maintained  with 
keen  relish  and  devotion,  his 
interest  in  the  scientific 
aspects  of  geology.  With  Dr. 
Locke,  he  contributed  a  paper' 
on  "The  Interpretation  of 
LiBCTENANT  Edward  Hale  Pbbry.  AssayCurves  for  Drill  Holes." 

He  sacrificed  time  and  income 
in  order  to  spend  two  or  three  months  each  year  in  continuing  his 
special  research  upon  the  relations  of  rock  alteration  to  ore  deposition. 
His  last  days  at  home,  even  to  his  last  hour  before  going  to  Plattsburg, 
were  spent  completing  in  outline  the  record  of  four  years  of  study  upon 
this  subject,  which  Dr.  Locke  and  the  writer  of  this  inadequate  tribut-e 
to  bis  memory  will  enjoy  putting  into  final  shape  for  publication,  and 
which  is  certain  to  prove'a  noteworthy  and  valuable  contribution  to 
the  science. 

While  Perry  was  in  the  midst  of  a  professional  engagement  in  Arizona, 
our  country  entered  into  the  European  War.  He  immediately  advised 
his  closest  associates  of  his  intention  to  enlist,  and  as  soon  as  he  could, 
with  added  help,  complete  the  work  then  in  hand,  he  came  East  and  en- 
tered the  officers'  training  school  at  Plattsbui^,  in  May,  1917.  In  June, 
because  of  his  technical  training  and  experience,  but  particularly  because 
of  his  application  and  ability,  he  was  transferred  to  the  Engineer  Officers' 

'  Trans.  (1916),  »4,  93. 
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Camp  at  W&shii^ton,  and  Boon  thereafter  was  commiBsioned  First  Lieu- 
tenant in  the  6th  Regiment  Engineers,  as  reserve  officer  in  charge  of 
mining,  sapping,  and  demolition. 

Perry's  work  of  instruction  with  his  men  won  quick  recognition  and 
commendation.  He  was  offered  positions  as  instructor  in  this  country, 
carrying  with  them  higher  rank  than  he  could  hope  to  reach  in  the  regular 
army,  but  believing  that  his  duty  lay  at  the  Front,  he  declined  to  consider 
them.  He  sailed  for  Europe  in  December,  1917.  In  January,  Companies 
D  and  B  were  detached  from  the  rest  of  the  Regiment  and,  because  of 
the  ability  of  their  officers,  were  brigaded  with  the  5th  British  Army 
and  sent  to  Peronne  to  build  heavy  steel  bridges  over  the  Somme.  While 
this  work  was  going  on,  the  Germans  launched  their  great  drive  on  March 
21.  For  the  ensuing  few  days  it  was  the  duty  of  the  Engineers  to  stand 
by  their  bridges  until  the  retiring  British  Army  had  crossed,  and  then  de- 
molish them.  This  they  did,  Perry  and  his  platoon  being  the  last  to 
leave  after  the  British  Artillery  had  all  passed.  Then,  on  the  27th, 
these  two  companies  joined  that  motley  but  determined  and  immort,al 
band  which  General  Carey,  realizing  the  imminence  of  disaster  to  the 
entire  Allied  forces  due  to  the  crumbling  and  withdrawal  of  part  of  the 
British  hne,  picked  up  and  threw  in  to  close  the  fast-widening  breach. 
Lieutenant  Perry  had  command  of  a  section  of  the  front  line  trench 
between  Hamel  and  Villers-Bretonneux  near  the  middle  of  this  gap. 

The  energy  and  devotion  which  Perry  put  into  his  work  as  a  soldier, 
and  the  spirit  and  fine  courage  with  which  he  faced  and  paid  the  Great 
Price,  may  best  be  revealed  by  extracts  from  letters  written  to  relatives 
by  his  associate  officers  since  his  death. 

His  fellow-Lieutenant  of  Company  B  wrote: 

1  h&ve  never  worked  with  a.  man  who  put  as  much  spirit  and  energy  into  his 
work,  ftnd  who  inspired  men  under  him,  causing  them  to  exert  their  best  efforte  to 

The  ofiicore  and  men  who  were  privileged  to  know  Edward  feel  that  they  have 
lost  &  true  friend,  and  the  men  under  him  knew  they  posBessed  a  leader  of  remarkable 
qualitiee,  one  who  knew  their  wants  and  who  cared  for  them  before  thinking  about 
himseU  and  hie  own  comforts. 

Perry's  Captain  said  in  part: 

During  the  previous  months  he  was  a  tireless  worker,  never  satisfied  unless  he 
waa  doing  his  own  job  and  most  of  his  neighbors.  In  the  early  part  of  March,  when 
we  were  on  heavy  bridgin|t  operations,  he  used  to  leave  camp  at  5  a.  m.  and  return  at 
8  p.  in.  while  two  shifts  of  men  worked  under  him;  then  he  would  spend  a  good  part 
of  the  night  on  plans  and  lists  of  material. 

No  officer  in  the  regiment  waa  so  trusted  and  looked  up  to  by  the  men ;  they  Rave 
him  their  money  to  keep  for  them,  asked  his  advice  on  all  sorts  of  affairs,  and  be- 
sieged me  with  requests  to  transfer  to  his  platoon.  In  his  ability  to  get  work  done 
by  leading  instead  of  drivinK,  he  had  no  equal.  And  as  a  friend  and  Erotber  officer, 
he  leaves  an  unfillable  gap  that  is  brought  to  our  attention  every  day.  He  had  been 
recommended  for  promotion  not  long  before  his  death. 

He  died  as  he  had  hved,  helpine  others.  It  was  {Saturday,  March  30.  We  under- 
went a  good  preliminary  bombardment  followed  by  the  infantry  attacks,  supported 
by  heavy  barrages.  Our  trenches  were  pretty  poor,  as  we  had  to  get  underground 
at  the  same  time  that  we  were  keeping  Fritz  out  of  the  way,  and  the  artillery  smashed 
a  good  deal  of  our  defenses.  A  shell  had  demolished  a  traverse  in  Ferry's  section  of 
trench,  killing  four  men.  He  was  working  in  the  gap  repairing  the  damage  with  his 
own  hands,  when  a  bullet,  probably  from  a  machine  gun  in  an  enemy  aeroplane  which 
was  raking  the  trenches,  penetrated  his  skull. 

We  all  feel  that  his  place  in  this  orgauieation,  which  he  helped  to  build  up,  will 
□ever  really  be  filled,  but  we  draw  what  satisfaction  we  can  from  the  circumstances 
of  bis  death;  as  we  must  all  go  sometime,  I  know  of  no  straighter,  cleaner  way  than  his. 
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Colonel  J.  M.  Hodges,  his  regimental  commander,  has  written: 
At  a  critical  time  during  the  German  offensive  in  March,  this  oi^anization  was 
given  a  section  o[  the  front-Tine  trench  which  was  easential  to  the  scheme  ot  defense, 
and  orders  had  been  received  that  it  was  to  be  held  at  all  coats.  Lieutenant  Perry 
was  commanding  a  platoon  of  his  company  in  the  front  line.  He  was  killed  instantly 
.  by  a  bullet  through  the  forehead.  At  the  time  of  his  death,  he  was  engaged  in  recon- 
solidating  a  section  of  trench  that  had  been  demolished  b^  a  previous  bombardment 
and  in  arranging  for  the  burial  of  his  men  who  had  been  killed. 

Lieutenant  Perry  was  an  excellent  soldier  and  an  exemplary  officer.  1  had  always 
considered  him  as  one  of  the  best,  if  not  the  best,  of  the  young  officers  of  the  Regiment. 
He  had  real  ability  and  could  be  counted  on  for  results.  At  the  critical  time  be  did 
not  weaken;  I  saw  him  shortly  before  he  was  killed;  his  conduct  under  fire  was  splendid 
and  an  inspirstion  to  his  men.  Hb  lose  is  felt  deeply  by  aU  ranks.  Thanks  to  him 
and  to  others,  who  like  him,  paid  the  full  measure  of  devotion  to  their  country,  our 
line  was  held  until  the  critical  situation  in  that  vicinity  was  at  an  end.  He  died  the 
true  death  of  a  soldier,  with  his  face  to  the  enemy. 

As  we  now  look  back,  it  is  easy  to  believe  that  this  holding  of  the 
line  of  defense  intact  by  General  Carey  and  his  men  was  a  determining 
factor  in  the  outcome  of  the  war.  To  have  played  so  important  and 
noble  a  part  in  this  vital  effort  as  that  taken  by  Perry  is  assuredly  the  privi- 
lege of  few.  Our  lives,  it  seems,  are  like  capital  entrusted  to  us  to  be 
expended  as  wisely  and  effectively  as  we  may.  With  them  we  purchase 
whatever  of  accomplishment  the  stuff  that  is  in  us  permits.  It  is  im- 
possible to  escape  profound  regret  that  a  career  so  full  of  the  highest 
promise,  and  a  personality  so  overflowing  with  all  that  is  fine  and  lovable, 
should  have  been  cut  short  at  the  age  of  thirty-one.  Yet  who  can  doubt 
that  in  a  few  months  Perry  bought  with  his  life  the  fullest  achievement 
of  a  life-time — a  glorious  part  in  the  salvation  of  Liberty  and  Justice  and 
Decency,  indeed  of  Civilization  itself!  L.  C.  Graton. 

LIEUTENANT  FRANK  REMINGTON  PRETTMAH 

Frank  Remington  Pretyman,  2d  Lieutenant  with  the  Royal  Engineers, 
was  killed  in  action  on  June  17,  1916. 

Lieutenant  Pretyman  was  born  at  Chicago,  III.,  in  1890.  He  received 
his  academic  education  at  Marlborough  College,  Wiltshire,  England, 
and  in  1908  entered  the  Royal  School  of  Mines,  London,  where  he 
remained  for  two  years.  From  1910  to  1911,  he  was  engaged  as  mine 
surveyor  for  the  Mazapil  Copper  Co.  in  Zacatecas,  Mexico,  and  for  the 
next  year  with  the  Foundation  Co.  of  New  York,  which  was  engaged 
in  sinking  a  concrete  drop-shaft  at  St.  Albert,  Alberta,  Canada.  At  the 
conclusion  of  this  engagement,  Mr.  Pretyman  returned  to  the  Royal 
School  of  Mines  and  finished  his  course  there  in  the  next  two  years, 
receiving  the  degree,  Associate  of  the  Royal  School  of  Mines,  in  1913. 
In  the  same  year  he  became  a  Fellow  of  the  Geological  Society  of  London. 
At  the  time  of  his  admission  to  the  Institute,  in  May,  1914,  he  was  taking 
a  post-graduate  course  in  geology  at  Columbia  University,  New  York. 

CAPTAIN  FRBDERICE  BENNETT  REECE 

Frederick  B.  Reece,  who  was  a  Captain  in  the  Royal  Engineers,  232d 
Array  Troops  Company,  of  the  British  Expeditionary  Forces,  was  killed 
in  action. 

He  was  born  in  Liverpool,  England;  in  1877,  and  received  his  academic 
education  in  England.  The  year  1899  he  spent  in  the  shops  of  Liogford 
Gardiner  &  Co.,  colliery  engineers,  at  Durham.     In  1903,  he  entered 
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the  College  of  Mines  of  the  University  of  California,  at  Berkeley,  and 
graduated  in  1906.  His  summer  vacation  of  1905  was  spent  in  timbering 
and  machine  drilling  at  the  App  mine,  Tuolumne  Co.,  California. 

His  first  employment  after  graduating  from  the  University  of  Califor- 
nia was  in  El  Oro,  Mexico,  where  he  spent  two  years  with  the  Hacienda 
Vieja.  In  1908,  he  was  practising  mining  engineering  at  Lead,  So.  Dak., 
and  in  1909  was  engineer  with  the  Socorro  mine,  at  Mogollon,  New  Mexico. 
In  1910,  he  was  with  the  Hidalgo  Guadalupe,  Pachuca,  Mexico,  and  in  1911 
was  engineer  with  the  Gualcola  Mines  Co.,  at  Tuquerres,  Colombia. 
In  1913,  he  returned  to  the  Southwest,  and  was  employed  for  that  year 
by  the  Inspiration  Cons.  Copper  Co.  at  Miami,  and  in  the  middle  of  the 
following  year  he  became  engineer  with  the  Detroit  Copper  Co.,  at 
Morenci. 

In  the  autumn  of  1914,  Mr.  Reece,  stirred  by  his  English  blood, 
resolved  to  return  to  England  to  take  part  in  the  war.  At  this  time 
he  wrote  "  I  think  it  will  be  better  for  me  to  resign  my  membership.  If 
I  come  through  all  right,  I  will  apply  for  re-election."  The  Institute, 
however,  instead  of  accepting  Mr.  Reece's  resignation,  voted  him  an 
indefinite  leave  of  absence,  and  this  precedent  soon  crystallized  into  the 
regular  procedure,  now  in  force,  of  remitting  the  dues  of  members  in 

active  service.     On  Dec.  17,  

1914,  he  wrote  from  Montreal 
that  he  fully  expected  to  go 
over  shortly  in  the  second 
contingent  from  Canada,  with 
Borden's  Armored  Brigade, 
operating  with  armored  motor 
ears.  As  he  said  "this  will 
be  active  enough  service  to 
satisfy  any  enthusiast,  as  they 
are  used  generally  for  recon- 
naissance duty." 

SOSEN  KINGLUHD 

Soren  Ringlund  died  sud- 
denly on  July  24,  1918,  at 
Fort  Logan,  Colo.,  where  he 
was  engaged  in  service  with 
the  Medical  Department  of 
the  U.  8.  Army. 

Mr.  Ringlund  was  born  in 
Denmark  in  1876.     He  came 

to  the  United  States  in  1902,  Sobbn  Rinoldnd. 

and  became  a  citizen  in  1908. 

He  graduated  as  B.  S.  and  E.  M.  from  the  School  of  Mines  at  Socorro, 
New  Mexico,  in  May,  1912.  Immediately  after  graduating,  he  began 
as  a  practical  [miner  in  the  U.  S.  mines  at  Bingham,  Utah,  but  in  Novem- 
ber, 1912,  he  entered  the  operating  department  of  the  Chino  Copper 
Co.'s  concentrator  at  Hurley,  New  Mexico,  where  he  stayed  until  July, 
1913.  During  the  latter  half  of  1913,  he  was  employed  as  chemist  in  the 
laboratory  of  the  El  Paso  smelter,  at  El  Paso,  Texas.  In  December,  1913, 
be  became  ei^ineer  and  geologist  with  the  Empire  Zinc  Co.,  at  Socorro, 
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New  Mexico,  which  poBition  be  held  at  the  time  of  his  admissioD  to  the 
Institute  in  1914,  and  until  he  entered  the  army  in  June,  1918.  Before 
beginning  the  study  of  mining,  Mr.  Ringiund  had  completed  a  course  in 
pharmacy,  which  accounts  for  hig  enlisting  in  the  Medical  Corps. 

LIBUTEHAHT  GEORGE  ROPER,  JR. 

George  Roper,  Jr.,  a  Junior  Member  of  the  Institute,  was  killed  in 
an  aeroplane  accident  near  Shotwich,  England,  on  May  25,  1918. 

He  was  born  at  Steubenville,  Ohio,  in  1893,  and  at  the  time  of  his 
admisaion  to  the  Institute  in  1916  was  a  student  in  mining  and  metallurgy 
at  the  Massachusetts  Institute  of  Technology,  Boston,  Mass.,  from  which 
he  received  the  degree  of  S.  B.  in  June,  1917. 


LlBUTENANT  Gbohoe  Ropbb,  Je, 

In  August.  1917,  he  enlisted  in  the  Royal  Flying  Corps,  and  after 
preliminary  training  on  this  side  of  the  water,  was  sent  to  England. 
He  was  making  the  final  cross-country  flight  of  his  course  of  training 
when  the  accident  occurred. 

NEW  YORE  MEETING,  FEBRUARY  17-20,  1919 

In  preparation  for  the  118th  meeting.  New  York,  Feb.  17  to  20, 1919, 
the  following  committees  have  been  appointed: 
Committee  on  Arrangements 
Allen  H.  Rooers,  Chairman.  W.  S.  Dickson,  Stertlary. 

J.  E,  Johnson,  Jr.  F.  T.  Rtjbidgb.  P,  G,  Spilbbubt. 

H.  C.  Parublee.  Forest  Rctherfors. 

Committee  on  Annual  Dinner  Committee  on  Luncheon 

F.  T.  RxraiDOE.  Forest  Rttthbrford,  CAmrman. 

E.  B.  Sturois.  E.  Maltbt  Shipp. 

Committee  on  Patriotic  Meetinf 
H.  C.  Parmelee,  Chairman 
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WOMAN'S  AUXILIARY— AMERICANIZATION  COMMITTEB 
Flag  Da;  CelebrHtions  Develop  Practical  Patriotisin 

Among  the  hundreds  of  industries  which  celebrated  Flag  Day  on 
June  14,  were  a  number  of  mines,  and  a  report  from  the  United  States 
Smelting,  fie&ning  and  Mining  Co.  tells  how  the  programs  were  carried 
out  at  Mammoth  and  Chrome. 

In  the  first  place.  Flag  Day  was  not  observed  by  knocking  off  work, 
but  by  short  exercises,  after  which  work  was  resumed  with  re-doubled 
energy.  In  this  crisis,  that  method  of  showing  devotion  to  the  flag  and 
country  might  be  termed  "practical  patriotism."  In  other  words,  it 
could  be  expressed  as  "Hats  off  to  the  flag  and  sleeves  up  for  it." 

Harry  Hunt,  first-aid  man  at  the  Mammoth  mine,  reports  that  the 
flag  raising  was  marked  by  the  spirit  of  high  enthusiasm,  which  included 
every  man,  woman  and  child  belonging  to  the  camp.  "The  miners  in 
their  working  clothes,  still  wearing  their  carbide  lamps  on  their  caps, 
with  faces  covered  with  dirt,  just  as  they  came  from  the  mine,  and  the 
ladies  and  children  with  their  bits  of  bright  color,  made  a  picture  worthy 
of  the  brush  of  a  master  painter.  The  program  rendered  was  that  ar- 
ranged by  the  National  Bureau  of  Education." 

First  came  a  bugle  call,  "To  the  Colors,"  given  by  Assistant  Su- 
perintendent C.  W.  Plumb.  Then  Foreman  Carpenter  W.  R.  (Bill) 
Young,  raised  the  stars  and  stripes  to  the  peak,  and  as  the  banner  un- 
fuiied  to  the  breeze,  all  heads  were  bared,  and  the  salute  was  given 
by  the  workers,  whose  toil  at  home  is  strengthening  our  army  in  France. 
Then  the  miners  joined  in  the  singing  of  the  "Star  Spangled  Banner," 
and  repeated  the  "Pledge  of  Allegiance,"  and  the  "American's  Creed." 

Shift-boss  W.  J.  Phinazee  then  addressed  his  fellow  workers,  telUng 
them  how  the  flag  stands  for  their  protection  and  that  of  their  loved  ones, 
and  how  it  should  be  loved  and  respected,  not  only  by  the  native  bom, 
but  by  all  who  live  here  under  its  protection.  Those  of  alien  birth,  who 
have  come  here  because  of  the  greater  opportunities  offered  in  America, 
owe  a  special  honor  to  the  stars  and  stripes,  and  the  point  was  made 
that  these  men  from  other  lands  should  not  love  their  old  home  less,  but 
their  adopted  country  more.  The  majority  of  those  present  were  foreign- 
ers, and  their  hearty  applause  showed  that  they  appreciated  the  point 
made  by  their  shift-boss,  who,  because  of  his  position,  was  able  to  address 
them  as  man  to  man. 

The  brief  ceremony  closed  with  the  singing  of  "  America,"  after  which 
tools  were  picked  up  and  the  day's  work  was  resumed  with  more  than 
usual  energy 

It  has  been  proposed  that  as  many  as  possible  of  our  hoHdays  should 
be  hnked  up  with  love  of  country,  and  that  this  love  be  expressed  by  de- 
votion to  the  daily  toil  which  strengthens  our  country.  The  shipbuilders 
set  us  all  the  right  example  when  they  made  July  4th  the  occasion  for 
launching  a  fleet  that  will  aid  directly  to  our  success  in  this  war.  The 
Labor  Day  celebration  this  year  is  characterized  as  a  day  to  "Splash  the 
Kaiser"  by  a  similar  huge  launching  of  ships.  The  mining  industry,  which 
is  no  less  vital  to  our  success  in  the  war,  can  constantly  hammer  home 
the  fact  that  the  duty  of  a  loyal  American  miner  is  to  produce  metal  or 
coal,  while  the  miner  of  foreign  birth  must  see  that  the  way  to  prove 
his  devotion  to  his  adopted  country  is  to  work  for  it  whole-heartedly. 
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As  the  cooperation  of  the  foreign-born  is  so  essential  to  strengthen- 
ing our  industries  and  winning  the  war,  we  should  make  them  realize  that 
we  appreciate  their  help.  And  while  encouraging  the  emigrants  from  other 
lands  to  love  and  work  for  America,  we  should  see  to  it  that  they  are 
treated  like  Americans,  given  a  chance  to  live  like  Americans  by  our  own 
standard  of  living,  and  afforded  every  opportunity  to  learn  our  language 
and  acquire  citizenship.  It  is  by  such  methods  that  we  shall  unite  all  races 
in  America  to  win  this  war.  Mrs.  C.  C.  Bctkqer,  Chairman. 


DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on 
the  battlefield  in  1915. 

Burt,  Andrew,  died  in  active  service,  1916. 

Cobeldick,  William  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  October  7,  1915. 

Dougall,  Kalph,  4th  University  Co.,  Princess  Patricia  Regiment, 
killed  in  action  early  in  the  war, 

Evans,  Alfred  Winter,  Lieut.-Coi.,  New  Zealand  Rifie  Brigade, 
D.  S.  0.,  D.  C.  M.,  killed  in  action  on  October  12,  1917. 

Gorman,  Thomas  C,  Lieut.',  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918. 

Hague,  William,  Ist  Lieut.,  Engineer  Officers'  Reserve  Corps,  died  in 
active  service,  Jan.  1,  1918. 

Hall,  William  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action,  May 
19,  1917. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  died  at  Fort  Sill, 
Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active  service  in  France. 

Perry,  Edward  H.,  Ist  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary  Forces,  France,  killed  in  action  on  March  30,  1918. 

Pretyman,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Engineers,  B.  E.  F.,  232d  Army 
Troops  Co.,  killed  in  action. 

Slnglund,  Soren,  Medical  Department,  Fort  Logan,  Colo.,  died 
suddenly  in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  Engknd  on  May  25,  1918. 
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NEWS  FROM  MEMBERS  AT  THE  FRONT 

E.  Baumgarten  has  returned  from  active  Eervice  in  France.  He 
reporta  that  he  saw  C.  W.  Campbell,  formerly  with  the  2d  Engineers 
on  the  Chateau  Thierry  front,  and  believes  that  the  latter  returned  to 
the  United  States  on  August  1.  He  also  saw  J.  J.  Croston;  G.  J.  Sielaff, 
recently  transferred  to  the  Gas  Service;  Thomaa  M.  Smither,  survivor  of 
the  TuHcania  after  a  lO-mile  swim  to  Ireland.  While  in  Paris  he  en- 
deavored to  see  Prof.  Sauveur,  but  was  unsuccessful. 

F.  K.  Borrow  was  given  a  commission  as  Lieutenant  in  the  Hoyal 
Garrison  Artillery  in  1914,  but  had  to  relinquish  it,  on  account  of  ill 
health,  in  August,  1915.  His  health  has  much  improved  and  be  hopes 
to  resume  active  work  toward  the  end  of  this  year. 

Davis,  A.  W.,  see  British  Columbia  Engineers,  below. 

Alfred  Fox,  Jr.,  enlisted  in  the  Public  Schools  Brigade,  Royal  Fusiliers, 
in  September,  1914;  was  gazetted  Lieutenant  in  the  Royal  Field  Artillery 
in  December,  1914,  promoted  to  Captain  in  November,  1915,  and  Adju- 
t-ant  to  78th  Brigade,  Royal  Field  Artillery,  in  January,  1916.  He  was 
appointed  Staff  Captain  of  the  12th  Divisional  Artillery  in  November, 
1917.  He  has  served  continuously  in  France  since  July  1,  1915.  He  was 
awarded  the  Mihtary  Cross  in  January,  1917,  and  four  times  mentioned 


E.  F^ser-Campbell  writes  that  he  joined  the  London  University 
0.  T.  C.  in  January,  1918,  for  five  weeks;  enlisted  with  the  Argyll  and 
Sutherland  Highlanders  in  February,  1918,  and  attended  a  training 
course  for  officer  cadets  at  Chatham  for  six  weeks.  He  was  commissioned 
2d  Lieutenant,  Royal  Engineers,  in  April,  1918.  After  two  months 
on  home  training  at  Chat^m,  he  landed  in  France  on  June  23,  1918, 
posted  to  180th  Tunnelling  Co.,  R.  E.,  and  is  now  with  his  unit  up  on 
the  line. 

Major  A.  Hibbert,  of  the  3d  Tunnelling  Company,  Canadian  Engi- 
neers, B,  E,  F.,  joined  the  Forces  in  1914  and  went  to  France  in  June, 
1915,  where  he  has  seen  continuous  service  since  as  a  mining  officer.  He 
is  now  commanding  the  above  unit  and  has  been  twice  mentioned  in 
despatches,  on  Jan.  1,  1916  and  again  on  Jan.  1,  1918.  He  was  also 
awarded  the  Military  Cross  in  November,  1915. 

Walter  Hooker,  Lieutenant,  Royal  Engineers,  writer  from  Palestine 
that  the  weather  has  been  ideal;  lots  of  sunshine,  now  and  then  heavy  rain 
and  a  little  cold  at  ni^t,  but  a  Paradise  after  the  Balkans. 

Captain  W.  Hutchison,  of  the  Canadian  Forestry  Corps,  France, 
writes  that  he  has  been  with  the  C&nadian  Forces  since  the  beginnii^ 
of  1916,  first  with  the  infantry  and  then  with  the  forestry  corps.  Until 
a  few  months  ago  he  was  with  one  of  the  companies;  at  present  he  has  a 
detachment  out  on  mdl  erection. 

The  Canadian  Forestry  Corps  is  an  efficient  organization  and  has 
established  some  wonderful  records  in  France,  in  the  way  of  production. 
Many  of  the  companies  operate  close  up  to  the  line  and  know  what  it  is 
to  be  shelled  and  bombed. 

Reynolds,  L.  B.,  see  British  Columbia  Engineers,  below. 
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Bsrold  RIcbard,  Lieutenant,  Hoyal  Engmeera,  obtained  his  oonuuu- 
aioD  in  1915,  and  baa  been  aent  to  France  twice  in  a  tunnelling  company. 

Harold  Whittingham  was  in  Sardinia  managing  a  group  of  mines, 
but  left  there  in  October,  1914,  to  join  the  Britiflh  Porcee.  After  three 
mdnths  at  Woolwich,  he  was  gazetted  Lieutenant  in  the  Royal  Garrieon 
Artillery  and  was  sent  out  to  Flanders.  He  was  at  Yprea  sixteen  months. 
He  hae  been  in  several  eng^ements,  viz.,  Hooge,  Hill  60,  2d  Battle  of 
Ypres,  and  was  mentioned  in  Sir  Douglas  Haig's  despatch,  for  gallantry 
on  the  Somme.  On  November  30,  1917,  he  was  reported  missing,  but 
some  three  weeks  later  it  was  reported  from  the  war  office,  and  after- 
ward it  was  officially  announced,  that  he  was  wounded  and  a  prisoner 
of  war  in  Germany.  Owing  to  a  wounded  arm,  while  at  Heidelburg  he 
was  recommended  for  internment  in  Holland,  and  he  is  still  there  under 
medical  treatment.  He  is  now  Major  of  the  Tlst  Heavy  Battery, 
Royal  Garrison  Artillery. 

Britisli  Columbia  Engineers. — In  August,  1914,  there  were  nine 
mining  engineers,  all  university  men,  who  threw  up  their  positions 
and  left  Nelson,  B.  C,  to  travel  over  400  miles  to  enlist  as  sappers  in 
the  North  Vancouver  Engineers.  They  were  A.  W.  Davis,  Mining 
Engineer  for  the  Consohdated  Mining  and  Smelting  Co.  of  Canada; 
Alfred  Evans,  Assistant  Superintendent  of  the  Silver  King;  W.  Robertson 
of  the  Trail  smelter  staff;  Cyril  B.  North,  Manager  of  the  Dundee  mine, 
Ymir;  L.  B.  Reynolds,  Manager  of  the  Eureka  copper  mines;  W.  B. 
Webster,  mining  engineer  of  New  Denver;  Thomas  Brown,  of  Australia, 
with  the  Minerals  Separation  Co.;  Bryan  Terrance  O'Grady,  of  the 
Dominion  Government  engineering  staff,  and  Geoi^e  Revell,  mining 
engineer  of  the  firm  of  Green  Brothers  &  Burden. 

They  were  afterward  transferred  to  the  First  Field  Company, 
Canadian  Engineers,  and  after  short  training  at  Valcartier  proceeded  to 
England  with  that  company.  In  England,  Sappers  Brown  and  O'Grady 
were  given  commissions  in  English  units.  The  remaining  seven  went 
to  France  in  February,  1915,  after  further  training  in  the  art  of  being 
mud  larks  on  Salisbury  Plains. 

Early  in  1915,  just  after  the  second  battle  of  Ypres,  Lance  Corporal 
North  and  Corporal  A.  W.  Davis,  in  answer  to  a  call  for  mining  ei^neers 
for  mining  companies,  left  the  Canadian  Engineers  and  were  given 
commissions  in  the  tunnelling  company.  These  two  officers  did  bo 
well  that  on  the  formation  of  the  Canadian  Tunnelling  Company  they 
were  called  back  to  the  Canadian  Corps  and  given  command  of  two  of 
the  companies.  For  his  work  at  Hill  60,  Major  Davis  was  awarded  the 
D.S.O.,  and  Major  North  was  afterward  given  the  D.S.O.  for  the  part 
his  company  took  in  the  blowing  up  of  Measines  Ridge.  Major  North 
had  previously  been  awarded  the  M.C.  for  good  work  under  Sre. 

Later  on.  Sapper  Robertson  and  Sapper  Webster  received  commis^ 
sions  in  the  company  with  North  and  Davis.  Second  Lieutenant 
Robertson  paid  the  supreme  price,  being  killed  by  a  sniper's  bullet  in 
the  Ypres  salient.  Curiously  enough.  Second  Lieutenant  Webster  waa 
struck  a  few  nights  later  on  exactly  the  same  spot  and  in  the  same  place 
on  his  body  by  another  sniper's  bullet.  His  life  was  despaired  of,  but 
after  a  desperate  operation,  over  a  year  in  hospital,  and  seven  months 
rest,  he  returned  to  duty  and  was  transferred  to  the  Canadian  Forestry 
Corps. 
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Sapptf  George  Revell,  after  passiag  safely  through  the  battles  of 
Ypres  ftud  FcBtubert,  was  killed  at  the  battle  of  Givenchy  in  191fi. 
Always  keen,  he  vent  out  that  day  in  spite  of  the  fact  that  his  heel  was 
raw  and  he  was  advised  not  to  go.  Of  the  little  party  of  23,  only  six 
came  back  alive,  and  two  of  them  were  wounded. 

A  few  days  before  the  battle  of  Givenchy,  Corporal  Alfred  Evans 
left  the  company  to  become  a  Brigade  Mining  Officer,  a  position  used  as 
an  alternative,  on  a  front  where  mining  was  necessary,  but  no  company 
was  yet  available.  His  going  was  keenly  felt  by  his  section,  for  he  was 
beloved  by  all.  He  had  already  been  mentioned  in  dispatches  by  Field 
Marshal  Lord  French,  for  his  courage  and  good  work  during  the  second 
battle  of  Ypres.  Shortly  after  his  promo^on,  he  was  killed  by  a  rifle 
grenade  near  "Plug  Street," 

Sapper  L.  B.  Reynolds  left  the  old  company  in  November,  1915, 
and  was  given  a  commission  in  a  mining  company  on  the  Somme,  He 
was  twice  slightly  wounded  by  bullets  and  in  1916  had  his  leg  severely 
iitjured.  He  enjoyed  four  months  rest  in  hospital  and  leave,  recuperat- 
ing from  his  wound  and  mine  gas  poisoning;  returned  to  the  front  during 
the  battle  of  the  Somme,  was  twice  wounded  slightly  again,  once  by  a 
blow  on  the  nose  from  a  rifle  and  once  with  a  piece  of  shell  in  bis  calf. 
Early  in  1917,  he  was  mentioned  in  the  orders  of  the  day  by  the  Com- 
mander in  Chief  of  the  French  army,  General  Nivelle,  who  decorated 
him  on  the  field,  in  the  presence  of  the  famous  Iron  Division,  with  the 
Croix  de  Guerre  with  a  palm.  In  the  following  August,  he  was  buried 
by  an  e^ht-inch  shell  and  suffered  such  injuries  to  his  head,  and  also 
from  concussion,  that  he  has  now  been  honorably  invaUded  from  the 
service.  '  He  was  Captain  Reynolds  at  the  time  of  his  retirement. 

Majors  North  and  Davis  are  still  at  the  front  with  the  Canadian 
Engineers.  Captain  Thomas  Brown,  M.C.,  was  with  the  Koyal  Engineers 
in  a  mining  company  at  the  front  when  last  heard  from.  Major  O'Grady, 
M.C.,  was  recuperating  from  the  effects  of  a  long  campaign  on  the 
Salonica  front.  Capt.  Webster  is  now  a  staff  captain  in  the  Forestry 
Service  in  France.  These  five  are  still  carrying  on.  May  their  leave 
come  soon  and  often. 


ADDITIONAL  LIST  OF  MEMBERS  OF  THE  INSTITUTE 
IN  MILITARY  SERVICE 


connecbcm  with  militiBn'  service  we  have  only  recently  become  acquainted ;  Jt  also 
inchidefl  tlie  namea  of  a  lew  who  have  recently  been  promoted  or  tranalerred,  indicated 
by  &  *.  A  complete  list  was  published  in  the  Year  Book,  issued  aa  a  supplement  of 
the  BuOetin  for  March,  1918.) 

Adahb,  Abthub  K.,  Lieut.,  Co.  2,  E,  0,  T.  S.,  Camp  Humphreys,  Ya. 

Ahidon,  Claxtse  E.,  11th  Training  Co.,  Casual  Camp,  Camp  Cody, 
N.  M. 

*Bahbodb,  p.  E.,  Capt.,  Engineer  Corps,  U.  S.  A. 

*Benbam,  W.  M.,  Master  Engr,,  Headquarters  Dept.,  115th  Engrs. 
A.  E.  F.,  Car©  Postmaster,  N.  Y. 

BlCKNELL,  H.  L.,  Pvt.,  Co.  D,  27th  Engrs.,  Camp  Leach,  D.  C. 

•Blandt,  S.  H.  B.,  Lieut.,  Royal  Horse  Artillery,  B.  E.  F. 
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Blickensderfbr,    F.    C,    Ist   Lieut.,    Ordnance  Dept.,  Edgewood 
Arsenal,  Edgewood,  Md. 

Brown,  Frank  Harold,  Capt.,  Engr.  R.  C. 

Brown,  S.  R.,  Co.  F,  27th  Engrs.,  Camp  Leach,  D.  C. 

Browning,  Edward,  lat  Engineer  Corps,  A  E.  F.,  Care  PoBtmaster, 
N.  Y. 

•Brtjns,   C.  L  ,  Jr.,   2d  Lieut.,  Aviation   Section,  U.  S.  A.,  Dorr 
Field,  Arcadia,  Fla. 

BuRPORi},  S.  W.,  Capt,,  Ordnance  Supply  Div.,  Rock  Island  Areeoal, 
Hotel  Blackhawk,  Davenport,  la, 

•Bubo,  R.  S.,  2d  Lieut.,  5th  Reg.,  16th  Batt.,  F.  A.  N.  A.,  A.  E.  F., 
Care  Postmaster,  N.  Y. 

BuRROuGHa,  A.  H.,  Jr.,  Ensign,  U.  S.  Naval  Reserve,  Bureau  of 
Ordnance,  N.  Y. 

•Canton,  William  R.,  Pvt.,  Headquarters  Co.,  80th  F.  A.,  7th  Div., 
A.  E.  F. 

Carpenter,  Clare  B.,  2d  Lieut.,  Co.  B,  23d  Engineers,  A.  E.  F. 
via  N.  Y. 

*Cabbtbn8,  C.  E.,  2d  Lieut.,  Care  Director,  Chemical  Warfare 
Section,  A.  E.  F. 

Case,  Willis  Whittier,  Jr.,  Sec'y,  Selective  Service  Board,  Div. 
No.  7,  Room  203,  City  Hall,  Denver,  Colo. 

Chan,  Clarence  T. 

•Chase,  J.L.,  Cadet  No.  201 1205,  Canadian  Engrs., Guy  St.  Barracks, 
Montreal,  P.  Q.,  Canada. 

CoLBXJRN,  C.  LoRiMER,  Capt.,  Engineers,  Officers'  Training  School, 
Camp  Humphreys,  Va. 

•Coleman,  W.  H.,  Corp.,  Co.  E,  23d  U.  S.  Engrs.,  A.  E.  F.,  France, 
via  N.  Y. 

*Craig,  John  J.,  2d  Lieut.,  311th  Engra.,  A.  E.  F. 

•Crosbfield,  J.  T.  K.,  Lieut.,  Royal  Air  Force. 

•Davidson,  Lyndall  P.,  2d  Lieut.,  373d  Aero  Squadron,  A.  E,  F. 

Decker,  Harold  DeWitt,  Co.  A,  27th  Ei^ineera,  A.  P.  O.  No.  714, 
A.  E.  F.,  Care  Postmaster,  N.  Y. 

Dewey,  Georqe  C,  Pvt.,  Headquarters  Co.,  146th  Machine  Gun 
Batt.,  American  P.  0.  727,  A.  E.  F.,  France. 

•Dick-Cleland,  a.  F.,  Capt.,  172d  Co.,  Royal  Engrs.,  B.  E.  F. 

•DoBsoN,  Percy  G.,  Railway  Construction  Co.,  C.  E.  F, 

Dove,  D.  R.,  Co.  B,  Training  Detachment,  University  of  Utah,  Salt 
Lake  City,  Utah. 

Duncan,  Dan  McLean,  2d  Lieut.,  312th  Engineers,  A.  E.  F.,  Care 
Postmaster,  N,  Y. 

•Earlinq,  Roy  B.,  2d  Lieut.,  Headquarters  Co.,  57th  Field  Artillery, 
Camp  Bowie,  Tex. 

•Edmonson,  H.  W.,  Capt.,  Engr.  Reserve  Corps,  28th  Engra.,  A.  E.  F. 

Ford,  Harold  P.,  U.  S.  Naval  R^erve  Force,  Steam  ^gr.  School. 

•Gates,  A.  0.,  Lieut.,  U.  S.  Naval  Reserve  Force,  U.  S.  S.  Marble- 
head,  Care  Postmaster,  N.  Y. 

•Grant,  Ulysses  S.,  IV.,  2d  Lieut.,  Textile  Equipment  Branch, 
0.  Q.  M.-G.,  Room  59,  1800  Virginia  Ave.,  Washington,  D.  C. 

•Ghavatt,  C.  Marshall,  Lieut.,  A.  S.,  Sig.  R.  C.,  First  Pursuit 
Group,  95th  Aero  Squadron,  A.  E.  F. 

•Gheenan,  J.  0.,  Lieut.,  27th  Engrs.,  Camp  Leach,  D.  C. 
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GRSNFEiiL,  Donald  S.,  121  Ambulance  Co.,  106th  Sanitary  Train, 
Camp  Wheeler,  Ga. 

Habbicbt,  Hablan  C,  Lieut.,  Co.  12,  Engr.  Training  R^ment, 
Camp  Humphreys,  Va. 

*Havlin,  Thomas  N.,  Capt.,  138th  Ordnance  Depot  Co.,  Las  Casas, 
Porto  Rico. 

•HmBERT,  Ahthur,  Major,  3d  Tunnelling  Co.,  Canadian  Engrs., 
B.  E.  P. 

Howell,  Jebse  V.,  Field  Artillery  Officers'  Training  School,  Camp 
Taylor,  Ky. 

•Kurd,  Rukard,  Major,  Engr.  Officers'  Reserve  Corps,  U.  S,  Bureau 
of  Mines,  State  Capitol,  St.  Paul,  Minn. 

Hdssissian,  K.  L,,  Pvt.,  Co,  15th,  Depot  Brigade  161st,  Camp  Grant, 
111. 

•Hutchison,  William,  Capt,,  Headquarters  9th  Dist.,  Canadian 
Forestry  Corps,  C.  E.  F. 

James,  Floyd  D.,  Ensign,  U.  S.  N.,  10th  Regiment,  Submarine  Unit, 
Pelham  Bay  Park,  N.  Y. 

Kennedy,  H.  deS.,  Air  Service  (Unassigned),  U.  S.  A. 

LoERPABEL,  W.  Habhison,  Mazomauie,  Wis. 

Maiek,  Hgruan  R.,  Lieut.,  Engr.  Reserve  Corps,  305th  Engr.  Train, 
A.  P.  0.  No.  756,  A.  E.  F. 

Manbsb,  Orie  N.,  Co.  D,  1st  Replacement  Engineers,  Washington 
Barracks,  D.  C. 

•Mead,  Richard,  Battery  C,  101st  Field  Artillery,  School  of  Instruc- 
tion, A.  P.  O.  No.  711,  A.  E.  F. 

•MoONEY,  James  D.,  Capt.,  309th  Ammunition  Train,  Camp  Sher- 
man, Ohio. 

Murray,  Malcolm  S,,  Capt.,  Engr.  Reserve  Corps,  Co,  5A,  E.  0.  T. 
C  ,  Camp  Lee,  Va. 

Nelson,  H.  C,  Co.  E,  314th  Engineers,  A.  E.  F. 

•NowLAN,  Harry  H.,  1st  Lieut.,  Balloon  Observation  Corps,  A.  E.  F. 

NowLiN,  R.  A.,  2d  Co.,  E.  0,  T.  S.,  Camp  Humphreys,  Va. 

Partanen,  Isak,  Pvt.,  Headquarters  Co.,  213th  Engrs.,  Camp  For- 
rest, Ga, 

•Pearson,  Alfred,  Jr.,  Capt.,  C.  E.,  U.  S.  A.,  Camp  Humphreys,  Va. 

♦Pickett,  Charles  E.,  2d  Lieut.,  F.  A.  R.  C.,  American  P.  0.  No. 
718,  A.  E.  F. 

Pill,  John  R.,  Engineers'  Committee,  IT.  S.  Fuel  Administration, 
Washington,  D.  C. 

Putnam,  Henry  R.,  Capt.,  Engr.  R.  C,  General  Engineering  Depot, 
Washington,  D.  C. 

*Rabling,  Harolo,  Act.  Corp.,  2d  Draft  Reinforcements,  Field 
Engrs.  Australian  Imperial  Forces. 

*Ray,  Horatio  C,  Ist  Lieut.,  Engr.  R.  C,  Co.  A,  5l4th  Engrs., 
A.  E.  F. 

*RiCKARD,  Harold,  Lieut.,  Royal  Engrs.,  Brompton  Barracks, 
Chatham,  England. 

•Rodgerb,  George  B.,  Principal  Asst.  Engr.,  Air  Nitrates  Corpn., 
Agent,  Ordnance  Dept. 

Rogers,  Alexander  P.,  Aircraft  Production,  Production  Dept., 
Chemical  Section. 
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ScHEUHER,  L.  R.,  Co.  D,  First  Replacement  Engra.,  Washington 
Barracks,  D,  C. 

ScHtNDLES,  Donald  F.,  34th  Co.,  M.  T.  D.,  Machine  Gun  Training 
Center,  Camp  Hancock,  Ga. 

Schmidt,  R.  D.,Lieut.,  324th  Field  Artillery,  A.  E.  F.,  Care  Postmaster, 
N.  Y. 

^Sbriver,  Ellsworth  H.,  Lieut.,  27th  Regiment  Engrs.  (Mining), 
Co.  C,  A.  E.  F. 

•Small,  H.  L.,  Capt.,  32d  Provisional  Ordnance  Depot  Co.,  A.  E.  F. 

Starbird,  Ror,  Pvt.,  Co.  D,  63d  Infantry,  Presidio,  Cal. 

*Steven,  HnoH  M.,  Capt.,  7th  Batt.,  Canadian  Engrs.,  B.  E.  F. 

Syees,  W.  p.,  U.  S,  Naval  Aviators'  Reserve  Force. 

Tbets,  John  N.,  U.  S.  Naval  Training  Station,  15th  Reg.  Aviation, 
C.  P.  0.  Barracks,  Great  Lakes,  111. 

*Thur8tin,  Robert  A.,  IJeut.,  Co.  C,  308th  Engineers,  A.  E.  F. 

Turner,  Scott,  Lieut.,  U.  S.  Naval  Reserve  Force. 

Uren,  Lester  C.,  Capt.,  Chemical  Warfare  Service,  A.  E  F. 

ViSEL,  C.  E.,  Co.  3,  Engr.  Officers'  Trainmg  School,  Camp  Hum- 
phreys, Va. 

Waite,  Allan  G,,  1st  Lieut.,  Air  Service,  Military  Aeronautics, 
South  San  Antonio,  Tex. 

•Wallower,  Herbert  Hoover,  2d  Lieut.,  Co.  B,  29th  Engrs., 
American  P.  0.  No.  714,  A.  E.  F. 

Ward,  A.  T.,  Co.  F,  56th  Pioneer  Infantry,  Camp  Wadaworth,  S.  C. 

White,  Roger  F.,  2d  Lieut.,  Co.  D,  4th  Engrs.  Training  Reg.,  Camp 
Humphreys,  Va. 

*Whittingham,  Harold,  Major,  7l8t  Heavy  Battery,  Royal  Garri- 
son Artillery,  Royal  Hotel,  Scheveningen,  Holland.     (Prisoner  of  War.) 

Wilson,  Joseph  M,,  Asst.  Inspector,  Engr,  Material,  U.  S.  Navy, 
1243  Russell  St.,  Allentown,  Pa. 

Witt,  Herbert  N.,  Naval  Service. 

Wood,  Roy  U.,  Ensign,  U.  S.  NavaJ  Reserve  Force,  Section  R,  Bureau 
of  Ordnance,  Navy  Dept.,  Washington,  D.  C. 

WoLVBHTON,  F.  M,,  Jefferson  Barracks,  Mo. 

WoRMSER,  Felix  E.,  Co.  3,  Engr.  Officers'  Training  Corps,  Camp 
Humphreys,  Va. 

Wroth,  J.  S.,  Ist  Lieut.,  Engr.  Reserve  Corps. 

THE  NATIONAL  ENGINEERING  SOCIETIES  AND  THE  NATIONAL 
RESEARCH  COUNCa 
Bj  George  Ellerf  Hale* 
(The  following  extracts  from  Mr.  H&le's  paper  have  been  made 
by  the  Editor,  as  being  of  particular  interest  to  our  members.) 
In  an  address  delivered  on  May  28,  at  the  kind  invitation  of  the  Engi- 
neering  Foundation,  I  briefly  sketched  "The  War  Activities  of  the  Na- 
tional Research  Council."'     The  wide  scope  of  my  subject  forced  me  to 
touch  very  Ughtly  upon  engineering;  I  therefore  beg  permission  to  return 
to  this  phase  of  the  subject. 

As  shown  in  my  earlier  address,  the  charter  membership  of  the  Na- 
tional Academy  of  Sciences,  organized  in  the  midst  of  the  Civil  War, 
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comprised  &  notable  group  of  engineers.  Indeed,  engineering  was  the 
only  one  of  the  arts  represented  in  the  Academy,  which  based  its  electiona, 
then  as  now,  upon  creative  work  and  orif^'nal  contributions  to  knowledge. 
The  war  was  the  immediate  stimulus  that  led  to  the  establishment  of 
the  Academy,  but  the  published  opinions  of  well  known  visitors  from 
abroad,  particularly  De  Tocqueville*  and  Tyndall,*  indicate  that  there 
was  urgent  need  for  such  a  body  in  this  country. 

The  half  century  which  elapsed  before  the  United  States  was  again 
stirred  to  its  depths  by  another  great  war  was  a  time  of  specialization, 
both  at  home  and  abroad.  Once  fairly  launched,  both  science  and  the 
arts  made  rapid  progress,  but  they  inevitably  grew  apart.  Indeed,  the 
tendency  toward  specialization,  which  divided  the  arts  from  the  sciences, 
also  separated  the  sciences  into  many  distinct  groups  and  split  the  arts 
widely  asunder. 

It  is  plain  that  these  effects  of  specialization,  while  natural  and  essen- 
tial elements  in  the  development  of  science  and  the  arts,  involve  certain 
consequences  which  are  far  from  advantageous.  The  underlying  motive 
of  the  investigator,  to  advance  knowlec^e  and  to  improve  practice  through 
the  utilization  of  new  ideas,  is  common  to  all  fields  of  action.  His  point 
of  view  is  much  the  same,  whether  his  problems  be  those  of  the  biologist 
or  the  engineer.  Moreover — and  this  is  a  matter  of  prime  importance — 
the  principles  and  methods  of  research  developed  in  one  field  may  be 
equally  applicable  in  another.  Thus  there  is  an  essential  solidarity  of 
research,  which  should  bring  into  active  cooperation  the  men  engaged 
in  all  of  its  various  branches.  Recent  experience,  both  in  peace  and  war, 
has  shown  how  effectively  the  physicist  and  chemist  can  join  forces  with 
the  engineer;  in  fact,  how  men  drawn  from  the  most  diverse  fields  can 
utilize  their  varied  experience  to  common  advantage. 

The  remarkable  development  of  engineering  in  the  United  States  is 
indicated  by  the  success  of  the  four  great  National  Societies,  which  ag- 
gregate more  than  thirty  thousand  members.  Nine-tenths  of  the  work 
of  the  engineer  is  organization  and  construction  rather  than  research. 
While  the  chief  interests  of  the  National  societies  thus  lie  in  other  fields, 
the  importance  of  research  is  such  as  to  demand  a  large  measure  of  support 
from  each  of  them.  Moreover,  great  benefit  will  result  from  a  joint 
effort,  involving  the  cooperation  of  the  National  engineering  societies 
with  the  National  Academy  of  Sciences  in  a  new  and  powerful  movement 
to  promote  research  in  every  branch  of  science  and  the  arts. 

It  is  natural  that  the  first  effective  contact  between  the  National  Acad- 
emy of  Sciences  and  the  National  engineering  societies  should  have  been 
established  through  the  Engineering  Foundation,  endowed  by  Mr. 
Ambrose  Swasey.  It  is  equ^ly  natural  that  the  other  engineers  who 
took  leading  parts  in  the  movement  toward  a  consolidation  of  interests 
were  also  men  fitted  by  experience  to  appreciate  both  sides  of  the  question. 
The  National  Academy  owes  a  special  debt  of  gratitude  to  Mr.  Gano 
Dunn,  who  immediately  grasped  the  purpose  in  view,  and  has  worked 
unceasingly  toward  its  accomplishment.  Others  who  were  most  active 
in  the  initiation  of  the  movement,  including  particularly  Colonel  Carty 
and  Dr.  Pupin,  also  combine  experience  in  research  with  exceptional 
capacity  as  engineers. 
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The  National  Academy,  probably  because  of  the  general  tendency  to- 
ward separate  development  of  the  arts  and  aciences  already  mentioned, 
failed  to  maintain  on  its  rolls  the  same  percentage  of  engineers  witti 
which  it  originally  set  out.  At  the  annual  meeting  in  April,  1916,  how- 
ever, the  following  resolution,  presented  by  the  Council,  was  adopted  by 
the  Academy: 

Tbat  tbe  Council  expresB  to  the  Academy  the  opinion  that  it  is  desirable  that  a 
section  of  engineering  be  developed  which  shall  include  men  who  have  made  original 
contributions  to  the  science  or  art  of  engineering;  that  to  this  end  the  Council  suggests 
to  the  Academy  that  the  present  section  of  physics  and  ennineering  be  designated 
the  section  of  physics,  and  that  the  Council,  under  the  authority  granted  by  section 
4,  article  4,  of  the  conatitution,  nominat«  to  the  Academy,  after  inviting  suggestions 
from  the  members  of  the  Academy,  two  or  three  engineers  each  year  until  such  time 
as  it  shall  seem  advisable  to  establish  a  separate  section  of  engineering,  any  engineers 
elected  as  the  result  of  such  nominations  being  in  the  meantime  a^gned  to  that  one 
of  the  existing  sections  to  which  their  work  is  most  closely  related. 

Since  that  time  six  eminent  engineers  have  been  elected  to  mem- 
bership in  the  Academy,  and  the  Section  of  Engineering  will  soon  be 
established. 

Another  means  of  connection  between  the  Academy  and  the  engineer- 
ing profession  was  initiated  at  the  same  meeting.  Our  relations  with 
Germany,  after  repeated  submarine  attacks  on  merchant  ships,  were  in  a 
state  of  high  tension,  and  the  need  of  some  preparation  for  coming  war 
was  plainly  evident.  The  Academy's  offer  of  service  to  the  President 
was  at  once  accepted,  and  the  National  Research  Council  was  formed,  at 
the  President's  request,  for  the  purpose  of  federating  the  researchactivitiea 
of  the  country. 

It  is  a  matter  of  prime  importance  that  in  all  researches  bearing  on 
the  war,  the  scientific  and  technical  societies  of  the  entire  country  should 
work  in  close  cowperation,  both  to  avoid  unnecessary  duphcation  and  to 
insure  the  utihzation  of  all  ideas  and  facilities  available  for  the  solution 
of  the  most  difficult  problems.  The  National  Research  Council  affords 
the  necessary  means  of  bringing  representatives  of  these  bodies  together 
and  into  contact  with  the  various  technical  bureaus  of  the  Army  and 
Navy  and  other  departments  of  the  Government. 

The  constantly  increasing  demands  upon  Mr.  Dunn's  time  made  it 
necessary  to  select  new  officers  to  cany  on  the  engineering  work  in  Wash- 
ington. Dr.  Henry  M.  Howe  was  accordingly  made  Chairman,  and  Mr. 
W.  J,  Lester  Vice-chairman  of  the  Engineering  Division,  the  purpose  of 
which  is  described  in  the  following  excerpt  from  the  remarks  of  Dr.  Howe 
at  the  first  meeting  of  the  Advisory  Committee  of  the  Division. 

It  is  to  consider  how  we  may  best  carry  out  this  general  purpose  of  "coordinating 
the  scientific  resources  of  the  entire  country,"  as  regards  engineering  and  how  we  may 
best  "secure  the  cooperation  of  all  engineering  agencies  in  which  research  facilities 
are  available"  that  we  have  been  called  together.  We  are  asked  to  do  something 
wholly  new,  and,  by  the  intentional  breadth  of  our  charter  we  are,  in  effect,  told  to 
devise  ways  of  doing  it. 

Our  most  pressing  duty  is  to  help  the  existing  governmental  agencies  in  every 
possible  way  to  win  the  war,  taking  the  attitude  tnat.  however  perfect  their  several 
organizations  J  after  all  they  are  finite,  that  is,  limil«d,  whereas  the  demands  which 
the  most  rapid  possible  development  of  our  miUtary  strength  makes  on  them  are 
unlimited.  We  therefore  seek  and  welcome  ways  of  helping  thera.  In  general  our 
natural  function  here  has  been  to  develop  ideas,  often  initially  nebulous,  far  enough 
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Our  own  division  has  already  formed  five  sectioDB:  on  mechanical  engineering. 
under  W.  J.  Lester;  prime  movers,  under  Prof.  Lionel  Marks;  metallurgy,  under  Prc3. 
Bradley  Stoughton;  electrical  engiieering,  under  Prof.  Stoughton  and  Prof.  C.  A. 
Adama;  and  military  "tanks."  The  National  Advisory  Committee  for  Aeronautics 
acts  as  our  section  on  aircraft.  Our  section  on  metalluray  has  two  important  com- 
mittees, on  helmets  and  body  armor,  under  Major  Bashford  Dean,  and  on  smelting 
ores  of  manganese,  under  J.  E.  Johnson,  Jr. 

Since  that  meeting  the  work  of  the  sections  on  mechanical  engineering 
and  on  metallurgy  has  developed  rapidly.  The  former  has  taken  over 
the  laboratories  and  machine  shop  of  the  Carnegie  Institution  at  Pitts- 
burgh so  as  to  control  the  construction  of  the  devices  which  it  is  perfecting. 
Through  its  Committee  on  Fatigue,  under  the  chairmanship  of  Prof. 
H.E.  Moore  of  the  University  of  Illinois,  it  has  begun  the  systematic 
study  of  fatigue  phenomena,  having  especially  in  view  the  requirements 
of  aircraft  crankshafts  and  welded  ship  plates.  It  has  brought  the  devel- 
opment of  two  special  typei  of  guns  so  far  that  one  is  now  ready  for  firing, 
while  the  other  will  probably  be  fired  before  this  paper  is  in  print.  Be- 
yond this  it  is  actively  developing  ten  devices,  a  special  gun  for  use  in 
aircraft,  a  special  mechanism  for  controlling  it,  a  new  control  fo.-  aircraft, 
aircraft  fuel,  tanks  of  various  types,  mechanism  for  controlling  trucks, 
a  new  type  of  tractor,  special  telescopes,  special  balloons,  parachutes,  and 
a  new  type  of  aircraft  engine. 

The  work  of  the  section  on  metallurgy  promiseB  to  develop  chiefly 
through  the  creation  and  direction  of  committees  which  shall  mobilize 
the  latent  skill  and  patriotism  in  the  metallurgical  works  themselves  and 
in  their  laboratories,  metallurgical,  chemical  and  mechanical,  and  in  the 
laboratories  of  our  institutions  of  learning.  Thus,  in  addition  to  the  com- 
mittees mentioned  by  Dr.  Howe,  this  section  has  organized,  under  the 
chairmanship  of  Col.  W.  P.  Barba  of  the  Ordnance  Department,  a  com- 
mittee containing  the  metallui^ts  of  the  great  ordnance  works,  Beth- 
lehem, Midvale,  Standard  and  the  United  States  Steel  Corporation, 
to  formulate  detailed  directions  for  the  procedure  in  making  and  treating 
steel  ingots  for  objects  needing  the  very  best  quality,  such  as  cannon, 
shells,  armor  and  crankshafts.  Under  the  chairmanship  of  Dr.  George 
K.  Burgess,  of  the  Bureau  of  Standards,  it  is  now  organizing  a  committee 
to  develop  a  pyrometer  for  determining  the  temperature  of  the  molten 
steel  in  the  open-hearth  and  electric  steel  processes.  Other  committees 
with  aims  of  this  general  class  are  projected. 

The  work  of  the  Research  Information  Committee,  which  now  has 
offices  in  Washington,  London,  Paris,  and  Rome,  has  been  greatly  ex- 
panded by  the  action  of  the  Secretary  of  War  in  issuing  the  following 
general  order  to  all  scientific  and  technical  bureaus  of  the  War  Depart- 
ment: 

The  Research  Information  Committee  was  formed  to  establish  machinery  by 
means  of  which  the  general  staff  of  the  Army,  the  various  bureaus  of  the  Armv  and 
Navy,  the  scientific  oi^amzationa  in  the  United  States,  who  are  working  on  problems 
connected  with  war  production  and  invention,  and  the  various  committees  of  the 
Council  of  National  Defense  charged  with  work  of  this  nature,  may  be  put  in  touch 
with  the  developments  and  experimental  work  being  carried  on,  not  only  in  this 
country,  but  in  Europe,  and  kept  mutually  informed  of  the  state  of  development  of 
work  of  this  nature. 

In  pursuance  of  the  order  of  the  Secretary  of  War,  establishing  this  Committee 
and  in  order  effectively  to  do  this  work,  it  is  vitally  necessary  that  the  utmost  of 
cordial  cooperation  be  shown  by  each  of  the  bureaus  and  committees  in  auestion, 
with  the  Research  Information  Committee.     To  secure  this  the  following  is  directed : 
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(a)  All  militaiy  bureaus  requiring  scientific  and  technical  information  ai«  given 
official  status  on  the  Research  mformatian  Committee  in  Waehin^n,  D.  C. 

(6)  Repreeentatives  of  military  bureaus  or  of  research  committeeH  collecting  in- 
formation abroad  will  be  instructed,  by  their  chiefs,  to  put  themselves  into  direct 
relationship  with  the  joint  committees  of  the  Reaearch  Information  Committee  ntting 
in  Paris  or  London,  or  later  in  Rome,  in  order  that  information  be  at  once  dis- 
patched to  the  Research  Information  Committee  at  Washington,  D.  C.  All  com- 
munications of  scientific  investigations  or  research  shall  be  routed  through  these 
channels,  even  though  other  channels  are  employed  at  the  same  time. 

(c)  Official  means  of  intercommunication,  such  as  memoranda,  bulletins,  and 
the  like,  between  bureaus  of  the  Array  and  committees  for  research  shall  be  developed 
to  such  a  degree  of  efficiency  by  the  Research  Information  Committee  that  the 
distribution  of  information  shall  be  practically  automatic. 

(d)  Before  sending  officers  or  civilians  abroad  for  investigation  work,  all  Army 
bureaus  or  civilian  research  committees  shall  get  in  touch  with  the  Researcn  Informa- 
tion Committee  at  Washington,  D.  C,  for  information  and  guidance. 

(e)  The  present  method  of  routing  information  memoranda  for  file  and  dis- 
tribution through  the  Military  Intelligence  Branch  will  not  be  discontinued. 

The  policy  of  the  Information  Service  will  be  to  render  available  to 
accredited  persons  all  sources  of  information  relating  to  research,  both 
at  home  and  abroad.  Its  chief  function  at  present  will  relate  to  the 
war;  but  this  naturally  includes  extensive  duties  of  an  industrial  nature, 
in  addition  to  more  strictly  military  and  naval  work.  Through  the 
Scientific  Attaches  at  the  various  embassies,  the  Army  and  Navy  In- 
tell^ence  Services,  and  the  officers  of  the  scientific  and  technical  bureaus 
of  the  Government,  and  through  various  other  agencies  with  which  the 
National  Research  Council  is  in  touch,  a  large  collection  of  valuable 
information  will  be  brought  together  and  collated  for  easy  reference. 

The  work  of  the  Research  Information  Service,  which  has  already 
led  to  the  establishment  of  the  position  of  Scientific  Attach^  by  the 
State  Department,  is  part  of  an  extensive  plan  for  international  coopera- 
tion in  research  which  is  being  developed  by  the  National  Academy  of 
Sciences  and  the  National  Reaearch  Council.  A  detailed  plan  for 
cooperation  among  the  Allies  in  all  researches  bearing  on  the  war  has  been 
prepared  by  the  Council  of  the  National  Academy,  for  submission  at  a 
meeting  in  London. 

I  may  conclude  this  paper  with  a  brief  reference  to  the  common 
interests  of  the  National  Engineering  Societies  and  the  National  Research 
Council  in  the  promotion  and  organization  of  industrial  research.  At 
a  meeting  in  New  York,  on  May  29,  it  was  decided  to  organize  the 
work  of  a  section  devoted  to  this  subject,  and  to  begin  the  publication 
of  a  series  of  bulletins  on  the  value  of  research  and  the  advantages 
resulting  from  the  establishment  of  research  laboratories.  Here  is  a 
field  where  the  engineering  societies  and  the  Research  Council  can 
cooperate  to  special  advantage  through  the  Engineering  Foundation, 
which  is  already  taking  an  active  part.  The  possibilities  of  developing 
this  field,  through  the  establishment  of  special  laboratories  and  by 
other  means,  are  obvious,  and  advantage  will  be  taken  of  the  present 
exceptional  opportunity  to  influence  favorably  the  industries  which  have 
hitherto  failed  to  appreciate  the  value  of  research. 
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V.  S.  NAVY  STEAM  ENGINEERING  SCHOOL 

The  U.  S.  Navy  Department  baa  perfected  plans  for  the  enrollment 
and  training  of  considerable  numbers  of  engineering  officers.  A  sclioo! 
for  this  purpose,  the  U.  S.  Navy  Steam  Engineering  School,  has  been 
established  by  the  Department  at  Hoboken,  N,  J. 

The  school  is  open  to  men  between  the  ages  of  21  and  40  who  meet  the 
physical  requirements  of  the  Navy,  who  are  of  thorough  ability  and 
officer-like  character  and  who  have  completed  the  mechanical  or  electrical 
engineenng  course  at  certain  recognized  technical  schools,  or  who  pos- 
sess an  education  and  experience  adjudged  to  be  an  equivalent  thereof. 

Enrollment  in  the  U.  S.  Naval  Reserve  Force  of  men  properly  qualified 
may  be  made  at  any  Naval  enrolling  office,  notation  being  made  of  the 
applicant's  qualifications  and  desire  to  be  detailed  to  this  school.  Ap- 
plicants will  be  enrolled  as  Chief  Machinist  Mates,  and  during  the  course 
of  instruction  will  draw  the  pay  of  this  rating,  $83  per  month,  plus 
S60  per  month  paid  as  subsistence.  Upon  graduation,  men  will  be  com- 
missioned as  Ensigns  in  the  U.  S.  Naval  Reserve,  with  a  salary  of  S1700 
per  year.  The  duty  to  which  a  graduate  of  this  school  will  be  assigned 
will  be  that  of  an  engineer  officer  in  the  auxiliary  service  of  the  Navy. 

Special  provision  has  been  made  for  the  continuance  of  the  school 
with  proper  material  by  a  Navy  regulation  which  permits  under- 
graduates of  the  Freshman,  Sophomore,  and  Junior  Classes  in  recognised 
engineering  schools  to  enroll  in  the  Naval  Reserve  Force  with  the  rating 
of  Seaman  2d  Class,  and  continue  their  courses  at  the  institutions 
where  they  have  matriculated.  Such  men  will  be  called  into  active 
service  after  their  graduation,  and  can  at  that  time,  if  they  are 
qualified  to  pass  an  officers'  physical  examination,  apply  for  admission 
to  the  U.  S.  Navy  Steam  E^ngineering  School, 

Men  who  are  registered  in  the  draft,  either  graduates  or  under- 
graduates, may  enroll  with  the  proper  enrolling  officer  by  securing  from 
their  draft  board  a  letter  of  relea^,  which  in  all  probability  can  be  obtained 
for  this  purpose. 

The  aim  of  this  school  is  not  simply  to  produce  engineers,  but  to 
produce  naval  engineering  oflicers  in  l^ie  true  sense  of  the  word.  The 
course  of  instruction  covers  a  period  of  five  months,  arranged  in  four 
periods. 

The  first  period  is  spent  at  the  Pelham  Bay  Training  Camp,  New 
York.  By  means  of  drills  and  strict  miUtary  discipHne  we  so  train  the 
man  that  he  understands  both  the  value  and  the  meaning  of  discipline. 
This  period  is  from  three  to  four  weeks  in  duration. 

The  second  period  is  spent  at  the  Navy  School  in  Hoboken,  N.  J. 
There,  in  five  weeks,  the  man  studies  the  characteristic  construction 
of  machinery  used  aboard  ship.  A  week  is  spent  on  boilers;  a  week  on 
propulsive  machinery;  two  weeks  on  auxiliary  machinery  and  a  week  on 
operation.  The  week  on  operation  is  given  so  that  the  man  may  better 
utiliiie  the  training  of  the  next  period.  Lectures,  quizzes,  and  sketch 
periods  occupy  the  day,  and  the  entire  evening  is  spent  in  study.  A  drill 
period  is  also  included  in  the  afternoon. 

The  next  period  is  called  the  Apphed  Course,  and  is  spent  on  board 
various  clawes  of  ships,  such  as  tugs,  ferry  boats,  and  Sound  steamers 
operating  in  New  York  Harbor  and  Long  Island  Sound.    The  final 
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part  of  this  practical  traituDg  consietB  of  a  cruise  over  seas  on  a  naval 
transport  or  cargo  ship. 

At  this  stage  of  training,  a  student  is  given  the  rank  of  Warrant 
Machinist  (at  a  pay  of  $1500  per  year)  so  that  he  can  actually  take  charge 
of  a  steaming  watch.  The  aim  is  to  teach  the  operation  of  a  marine 
plant,  including  adjustments  and  minor  repairs  such  as  are  made  aboard 
ship. 

After  the  man  has  completed  the  Applied  Course  he  is  sent  back 
to  the  barracks  for  further  examination  and  study.  It  is  felt  that  the 
future  engineer  officer  must  not  only  know  how  to  operate  a  given  type 
of  equipment,  such  as  may  be  found  on  a  single  ship,  but  must  also  be 
familiar  with  alt  standard  machinery  in  use  on  other  ships.  He  must 
also  be  resourceful  enough  to  keep  the  plant  in  operation  under 
all  conditions. 

At  periods  during  the  course  the  student  visits  boiler  shops  and  en- 
gine shops  and  sees  the  actual  construction  of  boilers  and  engines.  Upon 
graduation  the  student  is  commissioned  as  an  Ensign,  U.  S.  N.  R.  F.,  with 
asalaryof  $1700  per  year,  and  is  detailed  for  engineering  duties  on  navy, 
transports  and  cargo  ships. 

For  further  information,  write  to  the  assistant  district  enrolling  officer 
102  Customhouse  Bldg.,  New  Orleans,  La. 


U.  S.  EMPLOYMEHT  OFHCE 

The  United  States  Employment  Office  of  the  Department  of  Labor, 
of  which  the  division  of  engineering  and  education,  under  the  direction 
of  A.  H.  Krom,  maintains  an  office  at  29  La  Salle  Street,  Chicago,  111., 
is  engaged  in  a  classification  of  engineers  in  order  to  make  their  services 
more  readily  available  in  case  of  need.  We  have  received  a  form  used 
by  this  division,  on  which  it  requires  only  a  very  little  time  to  indicate 
one's  particular  Une  of  work,  his  experience  and  the  salary  that  he  desires. 

We  have  been  asked  to  impress  upon  members  of  the  Institute  the 
distinct  advantages  that  come  through  registratioo .  Filhng  out  the 
blank  entitles  an  engineer  to  free  employment  service,  provides  him 
with  direct  contact  with  the  Government,  supplies  him  with  information 
in  regard  to  engineering  affairs,  and  helps  him  to  become  successful  in 
his  profession.  The  Government  wishes  every  technical  man  to  register, 
BO  that  it  may  know  the  strength  and  location  of  the  engineering  reserve. 
It  is  therefore  the  duly  of  every  patriotic  engineer,  whether  he  needs 
a  position  or  not,  to  register  at  once.  Blanks  can  be  obtained  by  ad- 
dressing the  office  above  noted. 


A  MIDSTJMMER  MISSION  TO  ENGINEERS 

Between  July  10  and  August  15,  1918,  the  Secretary  of  United 
Engineering  Society,  of  Engineering  Foundation,  and  of  Engineering 
Council  visited  17  cities  which  are  headquarters  for  large  numbers  of 
engineers.  His  mission  was  to  tell  men  in  all  branches  of  the  profession 
about  "Centralized  Activities  of  National  Engineering  Societies." 
Stops  were  made  at  Denver,  Salt  Lake  City,  Reno,  San  Francisco, 
Sacramento,   Portland,  Seattle,  Spokane,  Anaconda,  Butte,  Duluth, 
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St.  Paul,  Minneapolis,  Milwaukee,  Chicago,  Cleveland,  and  Buffalo. 
Everywhere,  the  Secretary  had  a  cordial  reception,  his  message  was 
listened  to  with  interest,  and  helpful  auggestionB  were  gathered.  Many 
men  expressed  astonishment  at  the  extent  of  the  united  activities  of  the 
Founder  Societies,  and  few,  if  any,  had  an  adequate  conception  of  what 
had  been  accomplished. 

Few  persons  were  prepared'  to  give  opinions  or  make  suggestions 
at  the  time,  because  knowing  so  little  of  what  had  been  done.  Little 
faultfinding  was  heard,  and  none  was  important.  Further  opinions  and 
suggestions  are  expected  by  correspondence.  Everywhere  there  was  a 
cheerful  readiness  to  help,  and  a  strong  desire  for  the  local  groups, 
even  at  great  distances  from  New  York,  to  have  larger  and  more  active 
shares  in  the  work,  particularly  in  connection  with  the  war. 

Most  impressive  among  my  observations  were  the  importance  of 
the  local  group  as  a  fundamental  unit  of  organination,  the  strong  ten- 
dency in  local  groups  to  embrace  all  kinds  of  technical  men  in  the  locality, 
the  number  of  engineers  not  in  any  society,  and  the  comparative  weak- 
ness of  engineers  in  many  fields  of  professional  and  public  service  because 
of  their  lack  of  a  complete,  effective,  national  organization  built  up  from 
the  local  groups  and  in  close  cooperation  with  them. 

In  most  of  the  cities  visited,  one  or  more  of  the  Founder  Societies 
have  local  sections.  In  some  places  the  local  societies  and  sections 
have  been  associated  by  some  form  of  organization;  in  other  places  such 
organization  was  in  progress,  and  elsewhere  it  was  desired,  although  a 
method  had  not  yet  been  worked  out. 

Creation  by  the  American  Society  of  Civil  Engineers  of  a  develop- 
ment committee  to  study  thoroughly  matters  of  organization  was 
generally  approved.  More  than  a  few  persons  suggested  that  all  large 
national  societies  should  have  similar  committees,  and  that  in  some 
way  these  committees  should  work  together.  Several  times  the  opinion 
was  voiced  that  there  should  be  but  one  national  engineering  society, 
including  all  professional  engineers.  A  few  men  who  bad  given  ttus 
matter  thought  believed  that  in  such  a  national  society  there  should  be 
two  grades,  Member  and  Junior,  with  provision  for  Associates,  men  who 
are  not  engineers  but  allied  in  their  interests.  Requirements  for  member- 
ship should  be  higher  than  those  of  the  American  Institute  of  Mining 
Engineers,  but  possibly  not  so  exacting  as  those  of  the  American  Society 
of  Civil  Engineers.  Local  societies  suitably  organized  or  reorganized 
should  be  branches  of  the  new  national  society,  but  might  have  a  grade 
of  local  members  for  which  requirements  were  distinctly  lower.  Men 
in  this  lower  grade  would  not  be  members  of  the  national  society,  and 
would  pay  smaller  dues,  for  local  purposes  only. 

Some  agency  to  deal  with  employment  and  other  personnel  matters 
seemed  to  be  desired,  and  preference  appeared  to  be  for  a  central  organi- 
zation having  branches  in  a  number  of  cities  or  definite  cooperation 
with  the  local  societies.  So  far  as  opinions  were  obtained,  they  advocated 
that  this  function  should  be  performed  by  Engineering  Council,  or  some 
other  subsidiary  of  United  Engineering  Society,  rather  than  by  another 
national  organization,  which  has  sought  to  enter  this  field. 

Almost  everywhere  appreciation  was  expressed  of  the  usefulness  and 
necessity  of  as  complete  registry  of  the  engineers  of  America  as  could 
be  compiled  at  Headquarters.  Many  local  societies  wanted  copies  of 
their  portions  for  local  uses.    In  many  places  it  was  the  beUef  that  this 
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work  could  best  be  done  through  the  sgeDoy  of  the  local  Booletiee.  A 
number  of  these  aooieties  definitely  offered  to  pay  for  a  eupply  f^  the 
olassification  sheets,  to  distribute  them  to  all  engineers  in  their  districts 
(including  those  not  members  of  any  society),  to  collect  these  sheets  and 
forward  them  to  Headquarters;  also  to  assist  in  keeping  the  files  up  to 
date.  A  suggestion  which  met  with  general  endorsement  was  first  made 
in  Seattle.  It  was  to  the  effect  that  three  blank  classification  sheets 
should  be  sent  to  each  engineer,  one  for  Headquarters,  one  for  the  local 
society,  and  the  third  for  the  individual's  own  file,  if  desired.  In  general 
it  was  assumed  that  Engineering  Council  would  do  this  work  and  some 
regret  was  expressed  that  greater  progress  had  not  been  made  during 
the  past  year.  Several  local  societies  were  about  to  undertake  local 
registration  independently. 

Opinions  about  the  proposed  Engineering  Societies  Journal,  in  the 
few  places  where  expressed,  were  favorable;  indeed,  some  persons  were 
enthusiastic  about  it  and  they  were  among  the  older  men.  It  was  sug- 
gested that  the  engineerii^  profession  should  have  a  high-class,  non- 
technical journal  in  which  could  be  printed  interesting  news  about  engi- 
neers and  their  current  work,  and  suitably  illustrated  article  on  engineer- 
ing subjects,  of  high  literary  quaUty,  so  written  as  to  interest  and  inform 
the  public  as  well  as  engineers;  such  publication  could  be  the  profession's 
own  authoritative  medium  for  the  expression  of  opinions  on  professional 
affairs  and  on  these  public  affairs  in  which  the  profession  is  interested. 
It  was  the  opinion  of  some  that  this  Journal  should  be  suppUed  to  mem- 
bers of  each  national  society  as  a  part  return  for  dues,  and  that  much 
of  the  expense  of  publication  would  be  met  by  outside  subscriptions  and 
income  from  advertisements.  The  Journal's  advertising  policy  should 
be  absolutely  independent  of  business  considerations,  and  this  should 
be  unequivocally  maintained  from  the  outset. 

In  two  or  three  places  it  was  suggested  that  United  Engineering  So- 
ciety, either  directly  or  through  Engineering  Council,  should  make  over- 
tures at  this  time  toward  bringing  together  leaders  of  all  important 
national  engineering  societies  (for  example,  the  president  and  secretary 
of  each  such  society)  for  the  purpose  of  determining  a  system  of  local  and 
national  organizations  which  would  satisfactorily  include  all  engineers. 
Frequent  reference  was  made  to  the  type  of  organization  adopted  by  the 
American  Medical  Association, 

It  is  unnecessary  to  burden  this  report  with  a  list  of  the  names  of 
persons  met  in  the  cities  visited,  or  other  details.  With  two  exceptions, 
leaders  of  the  several  branches  of  the  profession  were  met  in  each  city, 
either  individually  or  in  conferences.  The  Secretary's  message,  or  por- 
tions of  it,  were  printed  in  some  of  the  local  newspapers  and  in  several 
local  and  national  technical  journals.  In  manuscript  form  it  has  been 
sent  to  selected  individuals  in  many  places  not  visited,  so  that  it  has  gone 
to  engineering  groups  in  almost  every  state  of  the  Union. 

In  conclusion,  it  should  be  stated  that  the  visit  was  of  evident  benefit. 
In  several  places,  it  was  remarked  that  by  this  visit  the  distance  between 
the  local  societi^  and  Headquarters  in  New  York  had  been  reduced  by  a 
great  many  miles.  With  your  approval,  the  Secretary  proposes  to  make 
other  such  visits  as  opportunities  may  offer,  first  to  those  portions  of 
country  not  yet  visited.  In  no  better  way  can  the  bonds  between  out- 
lying units  and  Headquarters  be  kept  strong, 

Alfbbd  D.  Flinn,  Secr^ary. 
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TO  THE  RESCUE  OF  GOLD  MINING 

An  "international  gold  conference"  was  held  at  Spokane,  Wash., 
on  Sept.  5, 1918,  under  tiie  auspices  of  the  Northwest  Mining  Association, 
which  was  attended  by  a  large  number  of  engineers,  mine  operators,  and 
bankers,  representing  the  northwestern  states,  as  well  as  Alaska  and  Brit- 
ish Columbia.  The  principal  subject  under  consideration  was  the  dole- 
ful condition  of  the  gold-mining  industry,  gripped  between  the  diminished 
purchasing  value  of  its  product,  and  the  increased  cost  of  its  operation. 

Two  resolutions  were  adopted  by  the  meeting.  The  first  approved 
the  resolution  adopted  Aug.  12  by  the  American  Gold  Conference,  a 
permanent  ot^anisation  formed  at  Reno,  Nev.,  in  which  it  ia  stated  that 
relief  by  the  United  States  to  the  gold  producers  of  this  country  should 
be  made  to  correspond  with  the  increased  coet  of  production,  the  extent 
of  the  relief  to  be  fixed  from  time  to  time  to  meet  changing  conditions. 

The  second  resolution,  adopted  after  serious  and  long-continued 
discussion,  was  introduced  by  F.  A.  Ross,  mining  engineer,  of  Spokane, 
and  a  member  of  the  Institute,  and  was  as  follows: 

WHEREA9,  it  ia  now  clearly  undentood  and  agreed  by  the  allied  nations  that 
national  gold  leserveB  must  be  augmented  without  delay  if  rapidly  expanding  credits 
are  to  be  secured;  and 

WHEREAS,  at  this  time,  the  production  of  gold  is  daily  decreasing  to  an  alarming 
extent  because  of  well  known  conditions  that  render  the  mining  of  gold-beaiing  ores 
unprofitable:  and 

WHEREAS  there  is  no  way  by  which  the  mining  of  gold-bearing  ores  may  be 
made  profitable  except  by  the  direct  aid  and  infiuence  of  the  government;  and 

WlQIREAS  the  government  has  appealed  to  the  mining  industry  for  practical 
information  and  practicable  suggestions  upon  this  subject;  therefore,  be  it 

resolved;  by  the  Internationa]  Gold  Conference  of  the  Northwest  Mining 
AsBociation,  assembled  at  Spokane,  WashinKton,  Sept.  5  and  6,  1918,  and  representing 
Alaska,  British  Columbia,  Washington,  Idaho,  Montana  and  Oregon,  that  the  follow- 
ing toi>ical  suggestions  for  an  improvement  of  the  gold  situation  be  offered  to  the 
authorities,  in  the  hope  and  belief  that  they  will  prove  effective  if  properly  elaborated 
and  appbed,  either  singly  or  in  combination,  as  tne  case  may  require: 

Firil.~~ThAt  the  grant  of  priorit^r  rights  in  the  purchase  and  transportation  of 
materials,  machinery  and  general  mining  supphes  be  enforced,  and  that,  as  far  as 
possible,  such  items  of  expense  as  taxes  and  freight  rates  be  restored  to  pre-war  levels. 

Second. — That  the  labor  necessary  to  the  operation  of  mines  producing  gold- 
bearing  ores  be  assigned  to  them. 

Third. — That  main  lines  of  motor-truck  roads  be  built  from  railroad  points  into  the 
distributing  centers  of  promisioK  but  commercially  inaccessible  gold  fields;  for 
instance,  such  as  those  of  central  Idaho.  Also,  that  trails  or  wagon-roads,  connecting 
with  these  main  roads,  be  opened  to  promising  camps  in  cases  where  the  routes  thereto 
lie  through  government  reserves. 

^ourfA.— That  financial  aid,  or  oredit]  be  extended  to  such  individual  properties  as 
may  be  judged  by  government  specialists  to  be  capable  of  producing  appreciable 
quantities  of  gold  or  other  metals  essential  to  the  conduct  of  the  war. 

f  ^/lA.— That  a  bounty  be  paid  upon  every  ounce  of  new  gold  produced  by  the  mines 
of  the  nation,  the  amount  of  which  bounty  shall,  from  time  to  time,  be  determined  by 
the  proper  authorities  to  be  sufficient  to  encourage  the  mining  of  gold-bearing  ores 
by  insuring  a  reasonable  profit  therein ;  the  said  bounty  to  be  considered  a  permissible 
war  enedient  and  expense  that  in  no  way  affects  the  international,  or  standard,  vulue 
of  gold. 

RESOLVED,  that  this  International  Conference  approves  the  arguments  and 
general  plan  outlined  in  the  monograph  entitled,  "The  Proposed  Bounty  on  Gold," 
which  is  attached  hereto  and  made  a  part  hereof;  and  that  the  same  is  ret^iectfully 
t«commended  to  the  authorities  for  consideration. 

RESOLVED,  Hiat  copies  of  these  resolutions  be  forwarded  to  the  proper  authori- 
ties at  WaahingtoD,  D.  C,  and  Victoria,  B.  C. 
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The  monograph  above  referred  to  as  having  been  approved  by  the 
conference  was  prepared  by  Frank  A.  Ross,  and  reflects  ideas  which  he 
has  been  advocating  for  a  considerable  length  of  time.  The  principal 
features  of  Mr.  Ross'  suggestions  are  indicated  by  the  following  extracts 
from  his  paper. 

Tlie  Proposed  Boun^  on  Gold 


B  offered  for  new  gold  must  apply  equally  to  both  claasra  of  gold-bearing  ores  as  well 
aa  to  the  products  of  their  reduction. 

There  is  ei  vast  difference  between  Eranting  a  bounty  for  the  production  of  gold  and 
.  decreeing  an  increase  in  the  atandard  value  of  an  ounce  of  gold.  The  former  ia  & 
national  affair  while  the  latter  an  international  one  with  which  we  are  in  no  way 
concerned  at  this  time.  Moreover,  the  former  ia  permissible  and  practicable,  while 
the  latter  ia  fraught  with  dangerous  financial  comphcationa  too  far-reaching  for  con- 
templation^ if  used  aa  an  expedient. 

The  objection  is  offered  by  many  that  any  bounty  on  new  gold  would  immediatdy 
operate  to  cause  the  melting  of  old  gold  in  the  form  of  plat«,  jewelry,  and  coin,  for  the 
sake  of  obtaining  the  premium.  This  objection  is  held  to  be  groundlesa,  for  the  follow- 
ing reasons: 

In  the  first  place,  workmanahip  and  successive  profits  accruing  from  their  manu- 
facture and  sale  give  to  gold  plate  and  jewelry  a  market  value  considerably  in  exeeas  of 
the  value  of  the  gold  contained  in  the  alloys  from  which  they  are  made.  It  ia  scaieelv 
probable  that  the  bountv  would  be  fixed  at  so  high  a  rate  as  to  tempt  ownera  of  bucd 
articles  to  melt  them  ana  then  to  take  the  chance  of  disposing  of  them  as  new  bullion, 
contrary  to  special  statutes  that  may  quickly  be  enacted  to  cover  the  caae. 

Again,  as  to  the  meltinc  of  coins  there  is  nothing  to  fear  for  two  reasons:  first, 
because  tne  practice  of  hoarding  gold  coine  is  not  general  in  this  country,  or  Canada,  as 
it  is  in  other  countries,  for  example,  in  India.  Consequently,  the  total  amount  of  gold 
from  this  source  that  might  be  offered  fraudulently  as  new  gold  is  probably  very  small. 

But,  granting  that  it  might  possibly  reach  considerable  proportions,  there  is  still 
another  reason  why  this  contingency  is  not  to  be  greatly  feared^  namely,  the  existence 
of  laws  so  drastic  that  few  would  care  to  run  the  risk  of  mutilatmg  or  melting  coins  for 
the  sake  of  the  bounty,  even  were  it  possible,  through  connivance,  to  incorporate 
them  with  new  bullion. 

Another  objection  is,  that,  unless  all  other  nations  proclaimed  a  corresponding 
bounty,  the  difference  between  the  actual  cost  of  our  gold  and  the  gold  of  other  coun- 
tries would  operate  against  us  in  the  settlement  of  balances.  However  this  might 
work  out,  it  is  fair  to  assume  that  a  bounty  would  probably  be  accounted  a  war 
expense,  chargeable  to  profit  and  loss. 

Finally,  the  objection  is  ui^ed  that  foreign  countries  would  send  in  their  gold  and 
claim  the  bounty.  Gold  bulUon  does  not  enter  a  foreign  country  except  in  exchange 
for  commodities  and  subject  to  the  eurveillsjice  of  the  authorities  of  that  country;  or 
when  specially  ordered  thereby.  Certainly  no  bounty  would  be  paid  on  smuggled 
bulhon  under  any  plan  like  that  outlined  below. 

Let  a  bounty  be  granted  on  oil  new  gold  produced,  but  under  these,  or  similar, 
conditions: 

1.  That  gold  bullion  and  crude  alloys  containing  gold  shall  be  bought  only  upon 
identification  of  their  possessors,  after  a  satisfactory  explanation  as  to  their  origin; 
purchase  to  be  made  at  such  places  as  may  be  designated,  notably  at  the  mint  or  at 
certain  refineries. 

2.  That  applicJ 
sheets  from  the  mint,  or  refinery,  that  bought  tl 
from  the  public  mills  or  smelters  that  bought  their  ores. 

3.  That  all  such  settlement -sheets  of  the  public  mills,  smelters  or  refineries  shall  be 
officially  certified  by  Government  Inspectors  of  Ore  Shipments. 

A  brief  consideration  of  the  above  outline  will  show  that  when  these  precautionary 
measures  have  been  carefully  worked  out  in  detail  they  will  cover  every  case  that  may 
arise,  without  introducing  burdensome  oompUcations. 

In  safeguarding  a  bounty  grant.  Congress  may  quickly  enact  statutes  heavily 
penahzing  the  sale  or  delivery  of  gold  bulhon,  or  crude  alloys  containing  gold,  to  any 
person,  firm  or  corporation,  whether  public  or  private,  except  such  as  may  be  author^ 
ized  to  receive  it,  under  stringent  regulations  as  to  identification  and  ongin.     Thua 
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it  should  be  eaey  to  sftfesuard  sold  to  mich  aq  exteat  that  the  mere  posseBaion  of  it  in 
the  form  of  a  refined  bar,  or  crude  aUoy,  would  call  either  for  a  aatisfactory  explanation 
or  for  the  arrest  and  conviction  of  the  person  holding  it,  thereby  reducing  the  pro- 
bability of  fraud  to  a  minimum. 

OovernmerU  Inspector  of  Ore  Shipmenis 

It  will  be  noted  that  in  auggestion  (3)  above,  mention  is  made  of  a  Government 
Inspector  of  Ore  Shipments. 

Since  a  large  proportion  of  gold  is  produced  as  a  byproduct  of  the  ores  of  other 
metala,  and  because  this  fact  appears  to  have  somewhat  confused  the  question  of  a 
bounty  on  new  gold,  the  idea  of  creating  the  office  of  Government  Inspector  of  Ore 
Shipments  is  advanced  as  a  practical  solution  of  the  problem. 

Although  this  innovation  ie  now  proposed  solely  as  a  war  measure,  calculated  to 
increase  the  production  of  gold  by  immensely  bettenng  the  entire  mining  situation,  yet 
il  is,  in  fact,  a  step  toward  governmental  supervision  of  public  mills,  smelters  and  refin- 
eries, but  it  is  not  in  any  sense  intended  aa  an  indoTvement  of  government  ownership  or 
control.  The  former  may  prove  a  progressive  step  of  inc^ulable  value;  the  latter 
might  result  disastrously. 

It  is  axiomatic  that  every  shipper  of  ore  to  a  public  mill,  smelter  or  other  reduction 
plant,  is  entitled  to  personal  representation  while  his  ores  are  being  valued  by  the 
critical  proeeas  of  weighing,  crushing,  sampling  and  assaying.  Heretofore,  the  heavy 
shippers  alone  could  afford  to  employ  representatives  to  supervise  this  process  and 
guard  their  interests;  the  small  shipper,  with  few  exceptions,  is  forced  to  forego  this 
protection. 

Nothing  herein  contained  is  to  be  construed  as  an  arraignment  of  the  commercial 
methods  of  public  mills,  smelters  or  refineries,  yetit  isbeLeved  to  be  a  fact  that  by  far 
the  greater  part  of  popular  distrust  of  surh  plants,  and  of  the  bitter  a^tation  against 
them,  has  always  been  due  to  this  lack  of  personal  representation  during  the  critical 
process  of  sampling. 

The  unrepresenlcd  mining  public  has  come  to  the  belief  and  even  conviction,  that 
it  often  fails  to  receive  its  just  due  at  the  hands  of  those  to  whom  it  consigns  its 
valuable  ores  unchecked;  and  no  power  on  earth,  perhaps,  short  of  the  government 
itself,  can  now  change  that  Conviction. 

Being  forced  to  ship  their  ores  on  trust,  and  compelled  to  accept  the  sampling  of 
the  consignees,  shippers  are  very  naturally  left  in  doubt  on  the  question  of  fair  treat- 
ment; and  doubt  nearly  always  breeds  suspicion  and  deep  resentment.  But  once 
let  confidence  be  restored  by  the  seal  of  government,  wisely  impressed,  not  only 
must  suspicion  and  resentment  vanish  but  a  fresh  impetus  will  also  be  ftivcn  to  mining 
in  general;  for  it  is  perhaps  no  exaggeration  to  state  that  the  inability  to  employ 
either  a  personal  representative  at  the  public  plants,  or  a  private  assayer  and  chemist 
to  check  them,  discourages  development  to  a  considerable  extent. 

Now,  having  briefly  diagnosed  the  complaint,  let  ua  consider  a  potential  remedy  in 
the  following  outlined  plan : 

Let  competent  assayers  and  chemists,  experienced  in  the  proper  methods  of 
sampling  and  valuing  ores,  be  sworn,  commissioned  and  asswned  to  the  relatively  few 
public  plants  receiving  and  buying  gold-bearing  ores  or  crude  alloys  containing  gold. 

Let  these  uniformed  officials  bear  a  title,  say,  of  "Government  Inspector  ot  Ore 
Shipments,"  representing  the  shipper  only,  and  give  them  assistants  necessary  to  a 
personal  supervision  of  the  weighmg,  moisture  determination,  crushing,  sampling  and 
assaying  of  every  lot  of  ore  consigned  to  the  plants  to  which  they  are  assigned ;  super- 
vising the  sampimg  and  assaying  in  the  case  of  crude  alloye. 

Let  these  Inspectors  have  such  definite  or  discretionary  powers  as  will  enable  them 
to  protect  the  best  interests  of  the  shippers,  following  the  same  general  procedure 
adopted  by  the  personal  representatives  of  the  heavy  sUppers. 

Let  these  Inspectors  certify  to  every  settlement -sheet  remitted  to  the  shipper, 
stating  that  they,  or  their  sworn  assistants,  are  satisfied  with  the  same. 

Having  received  this  certified  aettlement-aheet,  let  the  shipper  now  present  it  to  the 
proper  department  for  payment  of  the  bounty  due  upon  the  net  gold  value*  ot  his  ores, 
or  crude  alloys  containing  gold,  as  shown  by  the  said  sheet. 

Privately  owned  and  operated  placers,  stamp  mills,  cyanide  plants,  smettera  or 
other  phmts  and  properties  producing  gold  bullion  acceptable  at  the  mint,  would 
present  the  mint  certificates  tnernselves  as  a  claim  for  the  bounty. 

Public  smelters  and  other  plants  that  also  treat  their  own  ores,  or  products,  would 

•That  is:  "Groaa  mtnca  less  percentage  deduction  for  loss"— generally  about 
5  per  eent. 
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render  duplicate  settlementHsheeta  to  a  sovenimeiit  ac«ountiiig  office,  including 
Mttlementfl  for  their  own  ores;  or.  they  might  be  peimitted  to  ooUeot  bounty  periodi- 
cally on  the  difference  between  toe  value  of  all  tne  gold  they  turn  over  to  toe  mint 
and  the  bounty  due,  or  paid,  upon  the  custom  ores  treated  in  the  same  period.  Such 
matters  as  these  may  be  left  to  those  that  would  be  commissioned  to  work  out  the 
details  of  the  system,  but  they  do  not  offer  insurmountable  difficulties,  as  far  as  can 
be  foreseen. 

In  this  way,  no  bounty  would  be  paid  to  anyone  except  to  the  one  for  whoae  m- 
couragenent  it  was  granted;  that  is  to  sav,  to  the  miner  himself — to  the  original  pro- 
ducer of  gold,  whether  it  be  an  individual  or  a  conwration,  public  or  private. 

If  the  above  outlined  plan  were  to  be  carefully  elaborated,  there  is  reason  to  believe 
that  it  would  prove  unexpectedly  simple,  satisfactory,  effective  and  relatively  in- 
expensive. The  gross  expense  to  the  government  would  undoubtedly  be  inaignificant 
compared  with  the  benefits  conferred  and  received. 

ui  fact,  such  a  plan  for  the  regulation  of  a  bounty  on  new  gold,  taken  in  connection 
with  the  betterment  of  all  other  conditions  that  now  render  the  mining  of  gold-bearioK 
ores  unprofitable,  would  doubtless  not  only  result  in  a  pronouncecTincrease  in  gold 

Rroduction  but  it  would,  in  all  probability,  bring  about  beneficial  results  not  now 
treseen  which  would  necessarily  follow  an  increase  of  confidence  in  the  mining 
industry. 

Finally,  aa  to  the  probable  attitude  on  this  question,  of  the  public  milk,  smelters 
and  refineries  themselves,  it  is  inconceivable  that  any  objection  should  be  offered  to 
80  reasonable  an  atrangemeut,  in  view  of  its  justice  and  also  of  the  direct  benefit  to 
themselves  to  be  gained  by  a  much  better  business  relation  to  the  mining  public. 


DULUTH  ENGINEERS*  CLDB 

The  Dulutb  Engineers'  Club  was  formally  organised  on  the  evening 
of  Aug.  5,  1918,  at  a  meeting  attended  by  ovpf-  100  members  of  the 
several  engineerii^  professions.  W.  G.  Swart,  a  member  of  our  In- 
stitute, was  elected  the  first  President  of  the  Club.  At  the  orgameation 
meeting,  an  opportunity  was  given  to  Alfred  D.  Flinn,  Secretary  of  the 
United  Engineering  Society,  to  outline  the  assistance  that  ia  beii^ 
rendered  to  the  Federal  Government  in  the  present  contingency  by 
members  of  the  engineering  profession.  Membership  in  the  Suluth 
Club  is  to  be  open  to  mining  engineers  on  the  iron  ranges  as  well  as  to 
the  residents  of  the  city  of  Duluth, 


TRANSACTIONS 


We  regret  to  advise  that,  owing  to  unusual  pressure  of  business  at 
our  printers,  Volume  LIX  will  not  be  ready  for  distribution  ro  early  as 
was  announced  in  the  last  Bulletin.  It  will  probably  be  distributed  in 
November. 

Volumes  LVII  and  LVIII  were  mailed  during  the  month  of  August 
to  all  members  whose  dues  were  paid  on  Aug.  1;  members  who  failed 
to  receive  their  Trari^actions  withm  a  reasonable  time  are  requested  to 
notify  the  Secretary.  In  the  case  of  members  who  have  recently  changed 
their  addresses,  the  Tranaactiona  were  sent  to  addresses  on  record  on 
Aug.  19;  those  who  did  not  notify  us  of  change  of  address  tmtil  after 
Aug.  19  will  find  their  Transactions  at  the  old  address. 
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The  folloTrii^  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Aug.  10,  191S  to  Sept. 
10,  1918. 

Amfl  A.  AndvBon,  Hill  Chy,  S.  D.  A.  A.  HolUitd. 

H.  G.  S.  Anderson,  Hurley,  N.  M.  Paul  S.  King,  Wilmmctoa,  Del. 

Louis  A.  Barton,  Capt.,  Engineers,  U.  S.  A.  Herbsrt  G.  Officer,  Waahington,  D.  C. 

K.  BaniDMrten,  Ist  Lieut.,  U.  S.  R.  A.  B.  Parsona. 

Charlea  w.  Bolae,  Belgian  Congo.  Robert  R.  Pollock,  San  Franoiaeo,  CaL 

Henry  C.  Carlisle,  The  Fob,  Manitoba.  Frank  A.  Smith,  Edgewood,  Md. 

J.  Robs  Corbln,  Boyertown,  Pa.  Edward  C.  Thompson,  Kennett,  Cal. 

S.  Le  Fene,  Forest  Glen,  N.  Y.  Malcolm  H.  Thompson,  Monemere,  N.  J. 

Harold  P.  Ford,  Cleveland,  O.  Lester  C.  Uren,  Berkeley,  Cal. 

Vaiiam  L,  Hogg,  Waynesboro,  Va. 

Harold  W.  Aldrich  has  been  appointed  aasietant  general  superin- 
tendent of  the  Inspiration  Consolidated  Copper  Co.  at  Inspiration,  Ariz. 

Capt.  Percy  E.  Barbour,  formerly  with  the  New  York  State  Troopers, 
has  been  granted  a  leave  of  absence  from  the  Department  for  the  period 
of  the  war,  by  the  Governor,  and  has  been  appointed  Captain  in  the 
Engineer  Corps,  U.  S.  A.  He  served  on  the  Mexican  border  in  the  New 
York  State  National  Guard. 

A.  C.  Barfce,  formerly  with  the  United  States  Smelting,  Refining 
and  Minii^  Exploration  Co.,  has  accepted  a  position  with  the  United 
States  Fuel  Co.  at  Salt  Lake  City,  Utah. 

H.  C.  Bellinger,  general  manager  of  the  Chile  Exploration  Co.,  has 
recently  returned  from  Chile. 

R.  W.  Brock,  who  has  been  in  England  for  the  last  two  years  on 
military  duty^  hss  been  chosen  by  the  Imperial  authorities  as  geologist 
with  the  British  Army  in  Palestine,  and  has  been  instructed  to  proceed 
to  the  Holy  Land  to  take  up  his  new  duties  there.  Mr.  Brock  was 
until  recently  dean  of  the  faculty  of  applied  science  at  the  University 
of  British  Columbia. 

Forrest  B.  CeUwell,  of  the  California  State  Bureau  of  Mines  has 
arrived  at  Medford,  Cal.,  as  the  representative  of  the  U.  S.  Bureau 
of  Min^,  to  examine  the  chrome  deposits  in  Jackson  County,  after 
having  completed  &  similar  survey  in  Siskiyou  County. 

Jerome  A.  Chevalier,  formerly  geologist  for  the  Carter  Oil  Co. 
and  recently  engaged  in  consulting  work  at  Muskogee,  Okla.,  has  accepted 
a  position  with  Mr.  J.  Ed^r  Pew  of  the  Sun  Co.,  with  headquarters 
at  Mineral  Wells,  Tex. 

Samuel  W.  Cohen  has  returned  to  Montreal  after  a  month's  tour 
of  ine|>ection  of  mining  properties  in  Northern  Ontario,  Nevada,  and 
Colorado. 

S.  K.  Dahl,  mill  superintendent  for  the  Messina  (Transvaal)  Devel- 
opment Co.,  Ltd.,  Zoutpansbei^,  South  Africa,  until  the  dosing  down  of 
the  property,  has  severed  his  connection  with  the  company  and  will 
return  to  the  United  States. 

Joseph  Daniels  is  now  with  the  S.  E.  Junking  Co.,  Ltd.,  at  Van- 
couver, B.  C,  Canada. 

Algernon  Del  Msr  is  now  manager  of  the  Techatticup  mines,  El 
Dorado  Canyon,  Nev. 

Gnstarus  A.  Duncan  has  been  appointed  general  mam^er  of  the 
Eldorado-FlagstafF  Mining  and  Milling  Co.,  at  Nelson,  Nev. 
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F.  N.  Flynn,  general  Buperintendent  of  the  smelting  and  refining 
departments  of  the  Consolidated  Mining  and  Smelting  Co.  of  Canada, 
Ltd.,  at  Trail,  British  Columbia,  has  resigned.  MaU  addressed  care 
of  the  American  Institute  of  Mining  Engineers,  New  York  City,  will  be 
forwarded. 

Waldemar  F.  Henniger  has  returned  from  Tampico,  Mexico,  and  is 
at  present  in  the  employ  of  the  Gulf  Production  Co.  at  Fort  Worth,  Tex. 

Thomas  F.  Hig^s  has  severed  his  connection  with  the  Nichols 
Copper  Co.  of  Laurel  Hill,  L.  I.  and  has  accepted  a  position  with  the 
American  Smelting  and  Refining  Co.  at  Caldera,  Chile,  S.  A. 

Jacob  M,  Holt,  formerly  connected  with  the  Colonial  Collieries 
Co.  at  Natalie,  Pa.,  has  now  accepted  a  position  with  the  Thomas 
ColUery  Co.  at  Shenandoah,  Pa. 

K.  E.  Hood  has  accepted  a  position  with  the  American  Zinc,  Lead 
and  Smelting  Co.  at  Cart«rville,  Mo. 

Herbert  C.  Hoover  has  paid  a  visit  to  the  American  battle  front. 
Among  the  places  he  visited  was  Belleau  Wood. 

J.  N.  Houser,  Vice-president  and  manager  of  mines  of  the  Amenoan 
Zincf  Lead  and  Smelting  Co.  at  St.  Louis,  Mo.,  is  now  connected  with 
the  American  Zinc  Co.  of  Tennessee  at  Mascot,  Tenn. 

Lee  O.  Kellogg  has  returned  from  Ecuador.  His  address  is:  South 
American  Development  Co.,  15  Broad  Street,  New  York  City. 

Hugh  B.  Lee,  who  was  acting  manager  of  the  Porcupine  Crown  mines, 
which  have  closed  down,  has  accepted  the  position  of  general  super- 
intendent of  the  Chrome  mines  of  the  Mutual  Chemical  Co.  of  Canada 
Ltd.,  under^Dorr  Co.  management. 

J.  F.  Linthicuni  has  resigned  his  position  as  chief  chemist  of  the 
No.  2  Works,  Aluminum  Ore  Co.,  East  St.  Louis,  111. 

O.  McCraney  has  resigned  as  general  superintendent  of  the  White 
Caps  Mining  Co.  to  undertake  the  superintendence  of  the  Belmont 
Shawmut  Mining  Co.  at  Shawmut,  Cal.  • 

J.  N.  Mahoney,  for  12  years  a  member  of  the  engineering  department 
of  the  Westinghouse  Electric  and  Manufacturing  Co.,  has  tendered 
his  resignation  and  intends  to  open  consulting  offices  in  New  York  City. 

Dentaio  Matsuiawa  is  now  chief  of  producing  department  of  the 
Nippon  Oil  Co.,  Marunouchi,  Tokyo,  Japan. 

John  T.  Monow  has  been  appointed  chief  engineer  of  the  Marlin- 
Rockwell  Loading  Co.,  Agent,  Wilmington,  Del. 

John  F.  Murphy,  formerly  assistant  professor  of  mining  at  the  School 
of  Mines,  University  of  Minnesota,  is  now  employed  at  the  Draper 
mine,  Calumet,  Minn. 

George  A.  Packard  has  returned  to  his  office  at  50  Coi^ress  Street. 
Boston,  Mass.,  after  having  been  absent  on  consulting  work  in  the  West 
for  five  months. 

Irving  C.  Purington  is  now  employed  with  the  United  Verde  Copper 
Co.,  at  Clarkdale,  Ariz. 

Henry  D.  G.  Reynolds  has  just  returned  from  the  Altai  District 
of  Siberia,  having  been  at  the  properties  of  the  Irtysh  Corporation,  Ltd., 
of  London. 

Forest  Rutherford,  consulting  engineer,  is  in  Colorado  making  an 
examination  of  some  large  mining  properties. 

Charles  A.  H.  de  Saulles  is  now  general  manager  of  the  American 
Smelting  and  Refining  Co.  at  Denver,  Colo. 
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W.  C.  Schmidt,  formerly  townsite  engineer  with  the  Consolidated 
Arizona  Smelting  Co.  at  Humboldt,  Ariz.,  is  now  mining  engineer  with 
the  same  company  at  the  Bluebell  mine,  Mayer,  Ariz. 

Prof.  Theodore  Simons,  of  the  Montana  State  School  of  Mines, 
has  returned  to  Butte  from  a  two-weeks'  visit  to  Philipeburg.  Mont,, 
where  he  investigated  the  manganese  miniag  and  milhng  problems  of  the 
difitrict  for  the  U.  S.  Bureau  of  Mines. 

O.  W.  Steele  is  now  employed  with  the  Burro  Mountain  Copper  Co. 
at  Tyrone,  N.  M. 

Hubert  N.  Stronck  is  now  chief  of  operations  with  the  Kenfield- 
Lamoreaux  Co.  at  Chicago,  111. 

W.  G.  Swart  was  elected  President  of  the  Duluth  Engineers'  Club, 
at  ite  organization  meeting  on  August  5,  1918. 

Frank  W.  Tickner  is  employed  with  the  Frontier  Brass  Foundry, 
at  Niagara  Falls,  N.  Y. 

A.  A,  Turner  has  severed  his  connection  with  the  Goldstone  Mining 
and  Daggett  Reduction  Companies. 

Frederick  A.  Weymouth,  formerly  with  the  Maryland  Steel  Co., 
has  accepted  a  position  as  sales  metallui^t  with  the  Bethlehem  Steel 
Co.,  South  Bethlehem,  Pa. 

W.  W.  Wishon,  of  Searchlight,  Nev.,  is  making  some  examinations 
in  Montana  for  Los  Angeles  and  Montana  interests. 


POSITIONS  VACANT 


No.  345. — Aasayer.  A  man  35  years  old,  or  over,  experienced  in 
general  mineral  assaying,  particularly  of  tin  and  tungsten  ores.  To  locatf 
in  Bolivia  with  a  strongly  established  house. 

No.  346. — A  firm  of  consulting  and  managing  engineers,  having  charge 
of  certain  coal-mine  properties  in  Illinois,  requires  the  services  of  the 
following : 

(a)  Mine  transitman,  who  has  had  underground  experience  and  is 
capable  of  making  accurate  surveys.     Salary  $150  per  month  to  start. 

(f>)  Mining  engineer,  possessing  strong  personality,  and  experienced 
both  in  surface  and  underground  work,  who  is  capable  of  taking  com- 
plete charge  of  several  coal  properties.    Salary  $175  per  month. 

(c)  Four  rodmen  for  mine  surveying.    Salary  $85  per  month  to  start. 

Candidates  for  the  above  positions  should  be  able  to  report  to  the 
company's  Illinois  office  at  once. 

No.  347. — A  South  African  development  company  will  shortly  re- 
quire the  services  of  a  mill  superintendent,  who  has  a  general  knowledge 
of  concentration,  particularly  of  flotation,  and  is  able  to  take  charge  of  a 
copper  concentrator  treating  15,000  tons  per  month  and  employing 
200  natives  and  a  small  number  of  white  men. 

Salary  is  £60  per  month  to  start,  and  the  company  supplies  an  un- 
furnished room  or  house,  including  free  light,  free  water  and  free  sanitary 
service,  together  with  one  native  house  servant.  A  contract  will  be  made 
for  six  months,  and  notice  of  three  months  by  either  party  will  be  required 
to  terminate  the  engagement  after  six  months.  An  allowance  of  £75 
for  travelling  expenses  will  be  paid  on  arrival  in  South  Africa  to  a  single 
man,  or  £125  to  a  man  who  brings  his  family.    Salary  begins  upon  arrival 
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in  South  Africa,  and  no  allowance  will  be  made  for  return  traveUing  ex- 
penses. Information  as  to  the  general  climatic  and  other  conditions  can 
be  obtained  upon  application  to  the  Secretary. 

No,  348. — A  prominent  Canadian  mining  company  desires  an  engineer 
experienced  in  underground  surveying,  draughting,  making  estimates, 
etc.,  the  usual  duties  of  an  engineer  at  a  mine.  Salary  J125  to  1150  de- 
pending on  qualifications.     Single  man  preferred. 


ENGINEERS  AVAILABLE 


No.  484. — A  mining  engineer  and  geologist  of  long  and  varied  expe- 
rience in  North  and  South  America  is  open  for  an  engagement.  Explora- 
tion and  development  work  preferred.     Rare  minerals  a  specialty. 

No.  485, — -Member,  mining  engineer,  technical  graduate,  married, 
age  28,  exempt,  with  9  years  experience  at  gold  and  silver,  copper,  lead, 
and  coal  mines,  4  ye&ra  with  present  employers,  is  open  for  engagement 
as  mine  superintendent  or  foreman,  or  ir  charge  of  cyanide  plant.  Boston 
or  New  York  interview  after  Oct.  10.  Present  position,  day  foreman  at 
producing  gold-silver  mine  in  Montana.     References. 

No.  486. — Member,  age  34,  married,  varied  experience  in  iron,  copper, 
nickel,  talc,  etc.,  principally  as  surveyor,  mine  and  surface  geologist,  and 
superintendent  of  explorations,  is  open  for  engagement.  Prefprence,  con- 
nection with  some  eastern  consulting  engineer  or  firm  of  engineers. 

No.  487. — Member,  mine  superintendent,  18  years'  experience  in  the 
West  and  in  the  Lake  Superior  districts.  Thorough  business  and  tech- 
nical training.     Personal  interview,  preferably  Chicago, 

No.  488.- — Mining  engineer,  member,  technical  graduate,  married, 
age  38,  desires  position  of  superintendent  or  assistant  superintendent. 
Has  had  15  years'  practical  experience  as  miner,  millman,  machinist,  sur- 
veyor, engineer,  foreman,  and  superintendent  in  the  West,  Southwest, 
and  Mexico.  Speaks  Spanish.  Now  employed  as  superintendent  of 
copper  property  in  Southwest.  Can  give  the  best  of  references.  Mini- 
mum salary  1250.     Available  after  Sept,  1. 

No.  489. — Experienced  mining  engineer  now  in  responsible  position 
in  South  America  desires  change  to  United  States  or  other  favorable 
locaUty.  Successful  experience  in  management  of  mining  and  metal- 
lurgical enterprises. 

No.  490, — Member,  technical  graduate,  age  38,  married,  desires 
position  as  manager  or  superintendent.  Experience  covers  14  years  of 
minii^,  cyaniding,  concentration,  flotation,  etc.,  with  8  years  in  admin- 
istrative positions.     Fluent  Spanish;  references.     Employed  at  present. 
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LIBRART 
Ambbican  Socibtt  op  Civil  Enqinbbiib 
Amemoak  Inbtitutb  of  Electrical  Enginbbrb 
American  Society  of  Mechanical  Enginbehs 
American  Institute  op  Mining  Engineers 
United  Enoineebinq  Society 

Harbison  W.  Graver,  Dibbctor 
The  library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  p.  M.  except  on  holidays.    It  contains  about  70,000  volumes  and  90,- 
000  pamphlets,  including  sets  of  technical  periodicals  and  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furmsh 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessions 
Alabama.    Goal    Mines.     Aimu&t    Etfiport.     1917.     Birmingham,    1917.     (Gift   of 

Chief  Mine  Inapexstor.) 
American  Electrochemical  Society  Tranbactions.     Vol.  33,     Bethlehem,  Pa., 

191S. 
Amebicak  Wood  Pbebervers'  Association.     Report  of  Proceedings  14th  Annual 

Meeting,  1918.     (Gift  of  Association.) 
BLAfiTEHe'  Hancbooe.     Wilmington,  1918.     (Gift  of  E.  I.  du  Pont  de  Nemours 

ft  Co.) 
Brazil.     Ministerio  da  Agricultura,  Induatria  &  Commercio.     Boletim  do.    Anno 

y.  No.  1.     Rio  de  Janeiro,  1916.     Geologia.     Asnexo  No.  1.     Rio  de  Janeiro, 

1915.  Monographiaa.  Volume  I.  PEio  de  Janeiro,  1913.  Regioflee  car- 
boniferaa  dos  Eatados  do  Sul  pelo  Geologo  Euzebio  Paulo  de  Oliveira,  1918. 
Servico  Geologico  e  Mineralogico  do  Braail.     Hio  dc  Janeiro,  1916. 

Canada,  Minebal  Production  op,  DuHiNa  the  Calendar  Year  14ih  Aanual 

Report.     Ottawa,  1918. 
Conchbtb  Conbtrtjction,  Articles  On.     Portland  Cement  Association,  Magazine 

list,  May,  1918.     (Gift  of  Association.) 
Fbench-Enolish  Military  Technical  DicnoNAUT,  with  a  Supplement  Contain- 

iNO  Recent  Military  and  Technical  Terms.     By  C.  DeWitt  Willcox.     New 

York,  1917. 
Fuel  Facts.    August  1,  1918.     (Gift  of  L'.  S.  Fuel  Admmistration.) 
Great  Britain.     Department  of  Scientific  and  Industrial  Research.     Report  on  the 

sources  and  production  of  iron  and  other  metalliferous  ores  used  in  the  iron  and 

steel  industry.    London,  1918. 
,  Report  of  the  Committee  of  the  Privy  Council,  1916-16,  1916-17.    London, 

1916,  1917. 

-~ ,  Report  of  the  fuel  research  board  on  their  scheme  of  lesearch  and  on  the 

establishment  of  a  fuel  research  station.    London,  1917. 
,  Industrial  research  in  the  United  States  oi  America.     (Science  and  Industry, 

No.  1.)    London,  1917.     (Gift  of  Great  Britain  Department  of  Scientific  and 

Industrial  Research.) 
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Institute  of  Metau)^    Journal,  vol.  XIX,  No.  1.    London,  1918. 

IJhes,  Hydraulic  Cements  and  Mortarb,  Practical  Treatise  on.    By  Q.  A. 

Gillmore.     New  York,  1863.     (Gift  of  John  T.  Whistler.) 
Maximum  Base  Phices  DiPrBRENTiALs  and  Extras  on  Iron,  Steel  and  Non- 

FERROUB  PRODCCTa,  FIXSD    DlKBCT  BT  THB  GOVERNMENT  AND  TbROUOH  RECOM- 
MENDATION OF  American  Iron  and  Steel  Institute.    Cleveland,  1018.     (Gift 

of  Penton  Publishing  Co.) 
Metalltjboical  Study  of  the  Steel  Base  as  Related  to  Galtanieing.     By  G.  A. 

White.     Buffalo.     (Gift  of  Matthewa-Northnip  Works.) 
Mining  Engineers'  Handbook.     By  Robert  Peele.     New  Vork,  1918. 
On.  Industry,  The  Necksbity  fob  Govbbnubnt  Control  of.     By  M.  L.  Bequa. 

Address  delivered  July  22,  1918.     (Gift  of  U.  S.  Fuel  AdminiHtration.) 
Profit  Sharing,  Its  Principles  and  Practice.     By  A.  W.  Burritt  aJid  others. 

New  York,  1918. 
Pyrites  Deposits  of  Georgia    Preliminary  Report  on  a  Part  op.     (GeorsJA 

Geological  Survey,  BiMetin  No.  33.)     Atlanta,  1018, 
Red  Cross  Institute  for  Crippled  and  Disabled  Men,     Provision  for  voca- 
tional re-education  of  disabled  soldiers  in  France.     (Publication  No.  14.) 

— -,  Provision  for  Was  Cripples  in  Gbbmant.     (Publication  No.  13.) 

,  Provision  for  War  Cripples  in  Italy.     (Publication  No.  12.)     (Gift  of 

Red  Cross  Institute  for  Crippled  and  Disabled  Men.) 
U.  S.  Tariff  CoMMissiON.     Outline  of  its  work  and  plans.     Dec.,  1017.     Waah- 


ington,  1917.     (Gift  of  U.  S.  Tariff  Commission.) 
t^ir  -        -      ~ 


West  Viroinia.    County  Reports.     Barbour  and  Upshur  counties  and  western 
portion  of  Randolph  County,  with  maps.     Wheeling,  1S18. 

Book  notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  pubUshers. 
The  Institute  does  not  assume  responsibility  for  any  statements  made  .'these  are  taken 
from  the  preface  or  the  text  of  the  book,  unless  otnerwise  noted. 
Bridges.     A  Handbook  for  the  Use  of  Those  Interested  in  the  Construction  of  Short- 
span  Bridges.     By  John  W.  and  Edward  D.  Stoirs,  Concord,  N.  H.  (the  authors), 
1918.    40  lUus,,  20  tab.,  7X4  in.,  flexible  cloth,  \l. 
A  small  pocketbook  containing  designs  and  methods  of  construction  of  small 
highway  bridges,  culverts,  etc.     Intended  to  assist  men  without  engineering  training 
in  the  construction  ot  such  structures. 

Chemical  Control  of  Gas  Manufacture,  Practical  Instruction  in  Gas  Works 
Chemistry  for  Superintendents,  Foremen  and  Chemists,  Part  I.  Practical 
Application,  By  W,  M.  Russell.  Part  II.  Elementary  Chemical  Theory. 
By  F.  WiUs.  N.  Y.,  The  Gas  Age,  1916.  152  pp.,  47  illus.,  1  pi,  18  tab., 
8  X  fi  in.,  cloth,  SI, 50. 
Devoted  to  a  discuBsion  of  the  methods  for  controlling  gas  works  processes  by 

the  use  of  chemistry,  giving  the  most  recent  and  reliable  tests  and  analyses  and 

explaining  the  methods  used.     Adapted  to  the  requirements  of  the  men  in  the  smaller 

plants. 

A  Handbook  of  Briquetting.  By  G.  Franke,  trans,  by  Fred  C.  A.  H.  LantdTerry. 
Vol.  II.  Briquetting  of  Ores,  Metallurgical  Products,  Metal  Swarf  and  Similar 
Materials,  Including  Agglomeration,  Lond,,  Charles  Griflin  &  Co,,  Ltd.,  Fhila., 
J.  B.LippincottCo^l918.  11  +214  pp.  79 illus.,  4  folded  pi.,  14  tab.,  9  X  6in., 
cloth.  (Gift  of  J.  B.  Lippincott  Co.) 
Describes  the  various  materials  briquetted,  methods  of  briquetting  and  au;lomera- 

tion,  preparation  of  material,  corapressioa  and  subsequent  treatment  of  oriqueta, 

A  number  of  complete  briquetting  and  agglomeration  plants  in  Germany  and  Austria 

shown  in  detail.     Appendices  to  volumes  1  and  2  are  mctuded. 

Handbook  or  Mathematics  for  Enoinebhs,  By  Edward  V,  Huntington,  with 
Tables  of  Weights  and  Measures  By  Louis  A.  Fischer,  Reprint  of  Sections  1  and 
2  of  L.  S.  Mark's  "  Mechanical  Engineers'  Handbook."  Ist  ed.  N.  Y.,  McGraw- 
Hill  Book  Co..  Inc.;  London.  Hill  Pub.  Co.,  Ltd.,  1918.  191  pp.,  iUus.,  tab., 
7  X  5  in,,  flexible  cloth.  11.50, 
Designed  to  supply,  in  compact  form,  accurate  statements  of  those  facta  and 
formulas  of  pure  mathematics  which  are  most  likely  to  be  of  use  to  the  worker  in 
applied  mathematics.     Reprinted  from  Mark's  Mechanical  Engineers'  Handfctook. 
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Htsbauuc  and  Placer   Mininq.     By  Eugene   B.   Wilson.   3d  ed.,   thoroughly 
reviaed.    N.  Y.,  John  miey  &  Sona.,  Inc.;  Lond.,  Chapman  A  HaU,  Ltd.,  1918. 
425  pii.,  illus.,  1  pi.,  20  tab.,  8  X  5  in.,  cloth,  S3. 
Hie  tnira  ediuon  contains  much  additional  information  intended  to  brin^  the 

work  up  abreaat  of  the  latest  improvements  in  this  industi^.     The  book  is  designed 

to  appeal  not  only  to  thoae  actually  engaged  in  plac«r  mining  but  also  to  those  who 

wish  to  get  the  latest  ideas  on  the  subject. 

MmnciFAL  HoiTBECLBANTNO.  The  Methods  and  Experiences  of  American  Cities  in 
Collecting  and  Disposing  of  their  Municipal  Wastes— Ashes,  Rubbish,  Garbage, 
Manure,  Sewage,  and  Street  Refuse.  By  WiUisjn  Parr  Capes  and  Jeanne 
Daniels  Carpenter,  with  an  introduction  by  Cornelius  F.  Bums.  N.  Y.,  E.  P. 
Dutton  4  Co.,  1918.  20  +  232  pp.,  16  tab.  (2  folded)  10  X  6  in.,  cloth,  S6. 
Designed  to  furnish  the  information  needed  by  those  who  are  interested  in  the 
problems  of  the  collection,  care  and  disposal  of  municipal  wastes.  Also  takes  up  the 
need  for  ir "f--— ^ --'  '--  ■-<--  j-  -i -' 


Steam  Enoinbs.     A  Thorough  and  Practical  Presentation  of  Modem  Steam  Engine 
Practice.     By  Llewellyn  V.  Ludy,  Chic,  American  Technical  Society,   1917. 
192  pp.,  103  illus.,  1  pL  8  tab.,  8  X  6  in.,  SI. 
Treats  of  the  theory  and  construction  of  various  types  of  steam  en^es,  and  of 

their  purchase,  operation  and  testing.     A  non-mathematical  treatise  mtended  for 

stationary  engineers  and  particulariy  adapted  for  home  study. 

Water  RianrB  Detebionatiom.     From  an  Engineering  Standpoint.     By  Jay  M. 

Whitham.     1st  ed.     N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond.,  Chapman  h  Hall, 

Ltd.,  1918.     12  +  204  pp.,  tab.,  9x6  in.,  cloth,  t2.50. 

Intended  to  assist  an  owner  of  an  indefinite  water  right  in  determining  the  meaning 
of  hia  right  as  eipressed  in  horsepowers,  and  the  number  of  cubic  feet  of  water  per 
second  to  which  he  is  entitled.  Gives  citations  from  representative  writings  and 
presents  muiy  tests  and  power  determinations  used  by  the  author.  A  bibliography  is 
included. 

FORTHCOMING  MEETINGS  OY  SOCIETIES 


Institute  of  Metals  Division,  A.  I.  M.  £ 

Iron  and  8t«el  Members,  A.  I.  M.  E 

American  Foundrymen's  Association 

American  Museum  of  Safety  and  imitation,  Exposi- 


Milwaukee,  Wis.  ,  Oct.  8-11 
Milwaukee,  Wis.  Oct.  8-10 
Milwaukee,  Wis.     Oct.    7-12 


National  Safety  Council 

Business  Show 

National  Society  of  Naval  Architects 

American  Society  of  Mechanical  Engineers 

Geoli^cal  Society  of  America 

Amencan  Association  for  the  Advancement  of  Science, 


St.  Louis,  Mo. 
St.  Louie,  Mo. 
New  York,  N.  V. 
New  York,  N.  Y. 
New  York,  N.  Y. 

Boston,  Mass.         

Boston,  Mass.       '  Dec.   27- 


Oct.  7-12 
Oct.  14-17 
Oct.  21-29 
Nov.  14-15 
Dec.  3-< 
Dec.  28-31 


Jan.  2. 


American  Society  of  Civil  En^eers 

^Jnerican  Wood  Preservers  Association 

American  Society  of  Heating  and  Ventilating  Engi- 

neere 

American  Institute  of  Mining  Endneers 

New  England  Association  of  Gas  Sngineers 

American  Railway  Engineering  Association 


New  York,  N.  Y.  i  Jan.  28-30 
New  York.  N.  Y. '  Feb.  17-20 
Boston,  Mass,         Feb.  19 
Chicago,  ni.  ,  Mch.  18-20 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Aug.  10,  1918,  to  Sept.  10,  1918. 

Batchbixik,  Harry  D.,  Laboratory  Director,  National  Carbon  Co^  Inc., 

-Cleveland,  Ohio. 
BsowNUfa,  C.  P.,  Geni  Supt.,  Britannia  Min.  &  Smelt.  Co.,  Ltd., 

Britannia  Beach,  B.  C,  Csnada- 
GousTOCK,  Georqk  F.,  Met.,  Chg.  of  PhvBical  Test  Laboratory, 

Titanium  Alloy  Mtg.  Co.,  Niagara  Falls,  N.  Y. 

CoNCKLiK,  Bbrt  M Chief  Engr.,  Arthur  Iron  Min.  Co.,  Hibbing,  Minn. 

Cowan,  W.  A.,  Aeat.  Chief  Chem.,  National  Lead  Co.,  129  York  St.,  Brooklyn,  N,  Y. 

Davidbok,    Philip Met.,    Scovil!    Mfg.    Co.,    Waterburv,    Conn. 

Dayis,  Louis  L.,  Mgr.  &  Treas.,  Commonwealth  Min.  Co.,  911  Foster  Bldg., 

Denver,  Colo, 

Day,  p.  W Chem.  Engr.,  Western  Cartridge  Co^  207  E.  12th  St.,  Alton,  lU. 

Dbckm,  Harold  DbWiit,  Co.  A,  27th  Engineers,  A.  P.  O.  714,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

DbLono,  Bsrton  Hbkry Asst.  Met.,  Carpenter  Steel  Co.,  Reading,  Pa. 

DirniANN,  Rehfcbs Asst.  Met.,  American  Bronie  Corpn.,  Berwjm,  Pa. 

EuERSON,  Harbinoton Pres.,  Emereon  Co.,  30  Church  Street,  New  York,  N.  Y. 

Evans,  Harry  J Engr.,  Oriental  Cons.  Min.  Co.,  Unsan,  Chosen,  Korea. 

Fbab,  Thomas  G Gen'l  Supt,  Inland  Collieries  Co.,  Harmarvilie,  Pa. 

Ford,  Allbn  P Met.,  Crane  Co.,  Bridgeport,  Conn. 

FowiiER,  Harold  W.,  Gen'l  Mgr.,  Cia,  de  Miuaa  La  Blanca  y  Anexas,  S.  A., 

Pochuca,  Eetado  de  Hidalgo,  Mexico. 
Frank,  Williaji  K.,  Vice-Prea.  i  Gen'l  Mgr.,  DamascuB  Bronze  Co.,  Pittsburgh,  Pa, 

Franklin,  Nelson Min.  &  Met.  Mgr^  603  Symee  Bldg.,  Denver,  Colo. 

Frosican,  E.  D.,  Vice-Pres.,  The  8.  Obermayer  Co.,  2835  Smallman  St., 

Pittsburgh,  Pa. 
Fry,  Altrhb  T.,  Asst.  Met.,  Mt.  Lyell  Mm.  A.  Railway  Co.,  Ltd., 

Queenstown,  Tasmania. 

Gltnbb,  Charles  H,,  Jr Chief  Engr.,  Squibbs  Laboratory,  Brooklyn^  N.  Y. 

Hall,  Louis  J.,  Pres.  &  Geni  Mgr.,  Columbian  Bronze  Corpn.,  60  Church  St., 

New  York,  N.  Y. 

Harder,  Obcar  E Research  Chem.,  The  N.  K,  Fairbank  Co.,  Chicago,  111. 

HoQABOou,  Georob  B.,  Research  Electro-plater,  U.  S.  Bureau  of  Standards, 

Washington,  D.  C. 

HoRTA  Barbosa,  F.  B Rua  Theophilo  Ottoni  No.  92,  Bio  de  Janeiro,  Brazil, 

Leb,  Joseph  H Prop.,  Providence  Brass  &  Aluminum  Foundry,  Providence,  R,  I. 

IiOTHROP,  M.  T Asst.  h^r.,  Timken  Holler  Bearing  Co.,  Canton,  Ohio. 

Mandxrbisld,  Edward  A.,  Supt.,  Refugio  Mine,  Cia.  de  Minerales  y  Metales,  S.  A., 
Cerralvo,  Nuevo  Leon,  Mexico. 
Martin,  W.  C.,  Chief  Chem.,  Chicago  Bearing  Metal  Co.,  2234  West  43d  St. 

Chicago,  111. 
Mayrbib,  Louts  John,  Min.  Engr.  &  Met.;  Asst.  Resident  Mgr.,  Burma  Mines,  Ltd., 

Namtu,  Burma. 

Mbrica,  Paul  D Met^  U.  S.  Bureau  of  Standards,  Washington,  D.  G. 

Mitchell,  W.  G Min.  Engr.,  E.  Martens  A  Co.,  24  State  St.,  New  York,  N.  Y. 

Morrison,  Richard  C,  Gen'l  Supt.,  Vanadium  Dept.,  Primos  Chemical  Co., 

Vanadium,  San  Miguel  Co.,  Colo. 

MOUBBBTTB,   O.  J 22-26  Clay  St.,  Brooklyn,  N.  Y. 

Mowbby,  W.  E.,  Assayer,  Refiner  &  Met. . .  1435  University  Ave.,  St.  Paul,  Minn. 

Nbiuan,  F.  J Supt.,  Locust  Mountain  Coal  Co.j  Shenandoah,  Pa. 

Parr,   8.  W Prof,  of  Applied  Chem.,  University  of  Illmois^  Urbona,  111. 

Patch,  N.  K.  B Sec'y  &  Wks.  Mgr.,  Lumen  Bearing  Co.,  Buffalo,  N.  Y- 

Patbick,  RoBSRT  A.,  Sec'y  &  Plant  Mgr..  Columbian  Bronze  Corpn.,  Freeport,  N,  Y. 

Price,  William  B Chief  Chem.  and  Met.,  Scovill  Mfg.  Co.,  Waterbury,  Conn. 

QuioLBY,  W.  S.,  Pres.,  Quigley  Furnace  Specialties  Co.,  Inc.,  26  Cortlandt  St.,^ 


New  York,  N,  Y. 
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R&pp,  F.  A.,  Supt.,  WIutne7-Laaa  Chrome  Mines,  Claim  Point,  Seldoria,  Alaaks, 
RBaNBLL,  Ralph  T.,  Supt.  of  De\-elopment,  HoUinger  Cona.  Gold  Mines,  Ltd., 

Box  068,  TimminB,  Ont.,  Canada. 

RiTTBR,   Henrt Supt.,  Lunkenheimer  Co.,   Cincinnati,   Ohio. 

RoBKRTSON,  AuiON  FuLTON,  Min.  Engr.;  U.  S.  Mineral  Surveyor, 

2411  Harvard  Ave^  Butl«,  Mont. 

RooKSs,  Ola  J.,  Oil  Producer  and  Geol Cleveland,  Okla. 

ScANLON,  W.  L.,  Min.  Engr.  and  Geol.,  The  Mond  Nickel  Co.,  Ltd., 

Garaon  Mine,  Ont.,  Canada. 
Shellsbbab,  Wilton,  Care  L.  J.  Qriffiths,  Esq.,  Broken  Hill  Propnetaiy  Co., 

Newcastle,  New  South  Wales,  Australia. 

Seilluan,  Vbrns,  Met.,  Gonenil  Aluminium  4  Brass  Mfg.  Co.   E.  Grand  Blvd.  & 

St.  Aubin  Ave.,  Detroit,  Mich. 

Smttr,  W.  H Met.,  American  Bronze  Corpn.,  Berwyn,  Pa. 

Stkano,  Eluore  S.,  Chem.  Engr.  and  Met,,  Baltimore  Tube  Co.,  Inc., 

BaltimoK.  Md. 

Thdruond,  F.  LbRoi Anchorage  Assay  OfEce,  Anchorage,  Alaska. 

ToNB,  Fkank  J Works   Mgr.,  The  Carborundum  Co.,  Niagara  Falk  N.  Y. 

ToBELL,  ToBGNT Mgr.,  Aktiebolaget  Elektrolytverken,  Vast«ras,  Sweden. 

Walker,  Albbbt  S.,  Industrial  Engr.,  William  T.  Donnelly,  17  Battery  Place, 

New  York,  N.  Y. 
Wdttbick,  Frederick  J. . . .  Min.  Engr.  and  U,  S.  Mineral  Surveyor,  Juneau,  Alaska. 
WiuoN,  Joseph  M.,  Asst.  Inspector,  Engineering  Material,  U,  S.  N^ 

1243  Russell  St.  Allentown,  Pa, 

WoLT,  Fbbd  L Chem.  Engr.;  Mfe.  Engr.,  The  Ohio  Brass  Co.,  Mansfield,  Ohio. 

Wood,  R.  A Rolling  MiU  Supt.,  New  Jersey  Zinc  Co.,  Palmerton,  Pa. 

Asaociatea 

Backert,  a.  O.,  Vice-Pres.  and  Gen'l  Mgr.,  Penton  Publishing  Co.,  Cleveland,  Ohio. 
Blabdoke,  Georqe,  Petroleum  Statistician,  Boyle  Publications,  Apartado  489, 

Tampico,  Tamps,  Mexico. 
Brazier,  John  6.,  Vice-Pree.  and  Gen'l  Mgr.,  Powhatan  Brass  &  Iron  Wks., 

Ranson,  W.  Va. 
CanMAN,  A.  M.,  Sec'y  and  Treas.,  A.  W.  Cadman  Mfg.  Co.,  2816  Smalhnan  St., 

Pittsburgh,  Pa. 
CoNDiT,  John  A.,  District  Representative,  Joseph  Dixon  Crucible  Co., 

409  Erie  County  Bank  Bldg.,  Buffalo,  N.  Y. 
,  National  Meter  Co.,  298  Broadway, 

New  Yo^k^  N.  Y. 
Haooenjos,  John,  Vice-Pres.,  Eureka  Brass  Co.,  601  Red  Bud  Ave.,  St.  Louis,  Mo. 

McCloud,  L.  C Tonopah,  Nev. 

Melbbod,  John  G.,  Foundry  Foreman^  Titanium  Bronze  Co.,  Niagara  FsMa,  N.  Y. 
Oberdorfeb,  Jonas  L.,  Mgr.,  M.  L.  Oberdoifer  Brass  Co.,  S04  E.  Water  St., 

Syracuse,  N.  Y. 
PtBL,  Cabl  W.,  Sec'y,  Pioneer  Bran  Worics,  418-424  S.  Pennsylvania  St., 

Indianapolis,  lud. 
Roberts,  Wallace  T.,  District  Mgr.,  Sullivan  Machinery  Co.,  837  Equitable  Bldg., 

Denver,  Colo. 
Schnsidbr,  Louis,  Prop.,  Terre  Haute  Bronze  &  Braes  Foundry,  1114  Sycamore  St., 

Terre  Haute,  Ind. 

Shotidt,  Lotal  a Chief  Surgeon,  Bethlehem  Steel  Co^  Bethlehem,  Pa. 

Wells,  Samuel  Webbteb Pet.  Geol.,  Roxana  Petroleum  Co.,  Tulsa,  Okla. 

White,  William  C,  Min.  Engr.,  Weedon  Min.  Co.,  Ltd.,  Weedon,  Quebec,  Canada. 

Junior  Associates 

Bbbkovitz,  Sam Student,  Colorado  School  of  Mines,  Golden,  Chlo. 

Bianchi,  Alfbbd  P Student,  Colorado  School  of  Mines,  Golden,  Colo, 

DoNALiD,  Robert  Taseeb Corp.,  319th  Engineers,  Camp  Fremont,  Cal. 

Dbtton,  Dewbt  a Student,  Coiorado  School  of  Mines,  Golden,  Colo. 

Jones,  William  F 120  Sherman  St.,  Rock  Springs,  Wyo. 

Mabvut,  Tbeodobe Student,  Colorado  School  of  Mines,  Golden,  Colo. 

MuLFORD,  L.  D Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Otto,  John  Francis,  Min.  Engr Hastings,  Fa. 
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Rockwell,  HarrtM Student,  Michwaa  College  of  Mines,  Houghton,  Mich. 

ScHKBiDER,  Henrt  Q Geol.,  Metropoutan  Expioratioii  Co.,  Denver,  Colo. 

Sebuank,  Artbub  K Student,  Colorado  School  of  MinM,  Colden,  Colo. 

White,  Roger  F.,  2d  Lieut.,  Co.  D,  4th  Engineers  Training  Regiment, 

Camp  A.  A.  Humphreya,  Va. 

Change  of  Status — Junior  Associate  to  Associate 

Noon,  T.  Roderick Asst.  to  Chief  of  Min.  Dept.,  Illinois  Zinc  Co.,  Peru,  III. 

Total  Memberslttp,  Sept.  10,  1918 7068 

Change  of  Addbesb  of  Meubgbs 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  Office  during  the  period  Aug.  10,  IfllS  to  Sept.  10,  1918. 

This  Ust  together  with  the  list  published  in  Bulletins  No.  133  to  141, 
January  to  September,  1918,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Jan.  1,  1918 
and  brings  it  up  to  the  date  of  Sept.  10,  1918. 

Abouchar,  S.  S.,  Care  Cia.  Miaerales  y  Metales,  S.  A.,  Santa  Eulalia  Unit, 

Apartado  7CK  Chihuahua,  Chifa.,  Mexico. 

AnAUB,  Arthur  K Lieut.,  Co.  2,  E.  0.  T.  8.,  Camp  Humphteys,  Va. 

Adamb,    L.    W Bethfehem,    Pa. 

AnntCKS,  Lawrence 6  Church  St.,  New  York,  N.  Y. 

Albehtbon,  M.  M Molnty re-Porcupine  Mines,  Ltd.,  Schumacher,  Out.,  Canada. 

Aldrich,  Harold  W.,  Asst.   Gen'l  Supt.,  Inapiratioa  Cona.  Copper  Co., 

Inspiration ,  Aric . 

Allen,  Arthcr  P Winona  Copper  Co.,  Winona,  Mich. 

Allen,  C.  A General  De live ly,  Raymond,  Wash. 

AuiDON,  CLAiniE  E 11th  Troining  Co.,  Caaual  Camp,  Camp  Cody,  N.  M. 

Anderson,  Axel  E.,  Sates  Engr,,  E.  I.  du  Pont  de  Nemours  &■  Co.,  406  Ideal 

Bldg.,  Denver,  Colo. 

Applin,  Paul  L Care  Roxana  Petroleum  Co.,  Boi  82,  Mineral  Wells,  Texas. 

Ball,  Edwin  Mabcottel,  Headquartere  Co.,  Slst  Infantry,  A.  E.  P.,  Care 

«  Poatmaafer,  N.  Y. 

Barke,  a.  C Care  U.  S.  Fuel  Co.,  Keams  Bldg.,  Salt  Lake  Citv,  Utah. 

Barton,  L.  A Capt.,  604th  Engineers,  A.  E.  F.,  Care  Postmaster,  N.  Y. 

Bbnhau,  Willabd  M.,  Master  Engr.,  Headquarters  Dept.,  116th  Engineers, 

A.  E.  F.,  via  Postmaster,  N.  Y. 

Bernard,    Clinton   P 34   Harriman    Ave.,    Jamaica.    N.    Y. 

BrcKNBLL,  H.  L Co.  D,  27th  Engineers,  Camp  Leacdi,  D.  C 

Boise,  Charles  W.,  Min.  Engr Room  1100,  42  Broadway   New  York,  N.  Y. 

Botbpobd,   M.   p. Aetna  Explosives  Co.,  Inc.,  Torrey  Bldg.,   Duluth,   Minn. 

Brady,  8.  H Pres.,  Silver  Mines  CorpUj  Tonopao,  N«v. 

Brown,  Robert  L.,  Ship  Draftsman,  Tenn.  Coal,  Iron  &  Railroad  Co., 

601  American  Trust  Bldg.,  Birmingham,  Ala. 

Brown,  S.  R Co.  F,  27th  Engineera,  Camp  Leach,  D.  C. 

Brownino    Edward 1st  Engineer  Corps,  A.  E.  F.,  Care  Poatmaster,  N.  Y, 

Bruns,  C.  L.,  Jr 2dLieut.,  Aviation  Section,  U.S.  A.,  Dorr  Field,  Arcadia,  Fla. 

BuRPORD,  S.  W.,  Capt.,  Ordnance  Supply  Div.,  Rock  Island  Arsenal  Hotel 

Blackhawk,  Davenport,  la. 
BvBo,  Robert  S.,  2d  Lieut.,  5th  Reg.,  16th  Bat.,  F.  A.  N.  A.,  A.  E,  P.,  Care 

Poatn)asteT%    N.    Y. 

BuRROtTOHS,  A.  H.,  Jr Ensign,  U.  S.  Naval  Reserve,  Bureau  of  Ordnance. 

Canton,  Williau  R.  . . .  Pvt.,  Headquarters  Co.,  80th  F.  A.,  7th  Division,  A.  E.  F. 

Capleb,  Russell  B Boston  &  Montana  Smelter    Great  Falls,  Moat. 

Carroll,  Walter U.  S.  Nitrate  Plant  No.  I,  Sheffield,  Ala. 

Caestens,  C.  E.,  2d  Lieut.,  Care  Director,  Chem,  Warfare  Service,  A.  E.  F., 

Care  Poatmaster,  N.  Y. 

Carter,  Ewing R.  F.  D.  1,  Ishkooda  Mines,  Birmingham,  Ala. 

Case,  Willis  Wbittibb,  Jr.,  Secretary,  Selective  Service  Board,  Division 

No.  7,  Room  203,  City  HaU,  Denver,  Colo. 
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Cavaonabo,   David  A 336  62d  St.,    Oakland,    Cal. 

Cbask,  F.  D Apftrtado  269,  Monterey,  Menco. 

Chevauer,  Jerome  A Sun  Co.,  BiinerBl  Wells,  Texaa. 

Clement,  Hahribon  E.,  Qen'l  Mgr.,  American  Min.  &  Exploration  Co.,  Imlfty,  Nev. 
CoLBURN,  C.  Loriuer,  Capt.,  Engineera'  Officers'  Training  School,  Camp  HumphreVB. 

Craig,  John  J 2d  Lieut.,  311th  Engineere,  A.  E.  F.,  Care  Poatmaster,  N.  Y. 

Cbockard,  Frank  H Woodward  Iron  Co.,  Woodward,  Ala. 

Crosbette,  M.  p.,  U.  S.  Smelt.,  Refin.  &  Min.  Exploration  Co.,  Room  329, 

First  National  Bank  Bldg.,   Denver,  Colo. 
CROsaFiELD,  J.  T.  K.,  lieut.,  R.  A.  F.,  Care  Cot  &  Co.,  110  St.  Martina  Lane, 

London,  W.  C.  2,    England. 
Cbdtchbr,  E.  R.,  Met.  Engr.,  Mt.  Read  &  Roseberry  Mines  Ltd.,  Queenstown, 

Tasmania. 
Daniels,  Joseph,  Care  S.  E.  Junkins  Co.,  Ltd.,  309  C.  P.  R.  Station, 

Vancouver,  B.  C,  Canada. 
Davidson,  Ltnuall  P.,  2d  lieut.,  373d  Aero  Squadron,  A,  E.  F.,  Care 

Postmaster    N.  Y. 

Del  Mar,  Aloirnon U24  Alpha  St.,  Loa  Angeles,  Cal. 

DiCK-Ci.Bi.ANn,  A.  F Capt.,  172d  Co.,  R.  E.,  B.  E.  F. 

DicKM AN,  R.  N 170  Bay  St.,  St.  AuisuBtme,  Fla. 

Dickson,  James  K.,  N.  Y.  &  Honduras  Rosario  Min.  Co.,  San  Juancito, 

Honduras,  C   A. 

DctoN,  P.  S Supt.,  Papa-Cobraa  Manganese  Mine,  Minaa  Geraes,  Brazil. 

DoTB,  D.  R.,  Co.  B,  Training  Detachment,  Univewity  of  Utah,  Salt  Lake  City,  Utah. 

DcCE,  James  Tkkrt Instructed  lo  hold  evefythmg. 

Duncan,  Dan  McLean,  2d  Lieut.,  312th  Engineers,  A.  E.  F.,  Care  Postmaster,  N .  Y. 
DoNCAN,  Gdbtavus  A.,  Gen'l  Mgr.,  Eldorado-Flagstaff  M.  &  M.  Co.,  Kelson,  Nev. 

Die,    Robert   E Box   253,    Haileybury,   Ont.,   Canada. 

Eagles,  R.  H.,  2d  Lieut.,  C.  W.  S.,  Edgewood  Arsenal,  Hastings-on-Hudson,  N.  Y. 
Eaueb,  Littber  B.,  Fraser  A  Chalmers,  Ltd.,  Johannesbura;,  Transvaal,  So.  Afnca. 
Eaeling,  Rot  B,,  2d  Lieut.,  Headquarters  Co.,  57th  Field  Artillery,  Campl 

Bowie,  Texaa. 
Edmondbon,  H.  W. . . .  Capt.  E.  R.  C,  28th  Enjnneers,  A.  E.  F,,  Care  Postmaster,  N.  Y. 

Eldredoe,  Robert  B 330  E.  Cucharras  St.,  Colorado  Springs,  Colo. 

EsTABROOK,    Edward    L. Midwest    Refinery    Co.,    Casper,    Wyo. 

Fairbairk,  Alan  J.,  Forminiere  Mission-Kasai,  Tshikapa,  Belgian  Congo, 

West  Africa. 

Fernandez,  A.  C Apartado  No.   14,  Jimenez,  Chih.,   Mexico. 

Perron,  Robert  D .Care  Sociedad  National  de  Mineria   Santiago,  Chile. 

Fedbt,  Arthur 482  E.  138th  St.,  New  Y'ork,  N.  Y. 

Fisher,  Howell  T.,  Room  102S,.MaTbrtdge  Bldg.,  34th  St.  &  6th  Ave., 

New  York,  N.  Y. 

Fltnn,  Francis  N Instructed  to  hold  everything. 

Galloway,  A.  D.  R Accra,  British  West  Africa. 

Gates,  Arthdr  0.,  IJeut.,  U.  S.  N.  R.  P.,  U.  S.  S.  MarbUhead, 

Care  Postmaster,  N.  Y. 

GvLL,  James  P Roila,  Mo. 

Gosttbr,  Fred  B.,  Care  Escobosa  Bums  &  Co.,  San  Ignacio,  Sinaloa,  Mexico. 
Grant,  Ultsbeb  S.,  IV,  2d  Lieut.,  Textile  Equipment  Branch,  O.  Q.  M.  G., 

Room  59,   1800  Virginia  Ave.,  Washington,  D.  C. 

Grabty,  J.  Sharbhali Box  458,  Charlottesville,  Va. 

Gratatt,  C.  Marshall,  Lieut.,  A.  S.,  Sig.  R.  C,  95th  Aero  Squadron, 

First  Pursuit  Group,    A.    E.    F, 

Gbeenan,  J.  0 Lieut.,  27th  Engineer,  Camp  Leach,  Washmgton,  D.  C. 

Grenfell,  Donald  S.,  121  Ambulance  Co.,  106th  Sanitvy  Train,  Camp  Wheeler,  Ga. 

Gdnther,  C.  Godfrey 479  Orange  St.,  New  Haven,  Conn. 

Hahn,  AI.BERT  W.,  Sec'y  Metals  Disintegrating  Co.,  Inc.,  62  Broadway, 

New  York,  N.  Y. 

Haldane,    W.    G Antioch,    Neb. 

Hall,  Mortimer  L 1692  Park  Ave.,  Bridgeport,  Conn. 

Harbight,  Harlan  C,  Lieut,,  Co.  12,  Engineer  Training  Regt., 

Camp  A.  A.  Humphreys,  Va. 
Hatfield,  Pbrct  W.,  Standard  Ordnance  CorpU;, 

Carbon  Place  &  West  Side  Ave.,  Jersey  City,  N.  J. 

Henniobr,   Waldeuar  F Gulf  Production   Co.,   Fort  Worth,   Tex. 

Herman,  Hyhan,  "Euninderie,"  111  Kooyong  Rd.,  Armadale,  Victoria,  Australia. 
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Haas,  RmH  M.,  Care  Southern  Mang&owe  Corpn.,  bown-Marx  Bld^., 

BirnunghaDi,  AIa. 
HiBBEKT,  AsTHtTS,  Major,  3d  Tunnelling  Co.,  Cuiadiaji  EngineeK,  B.  eTf.,  France. 

HiaaiNS,  Tbouab  F. Care  American  Smell.  &  Refin.  Co.,  Caldera,  Chile. 

HtOLET,   R.  C Palmer  House,  Chicago,  HI. 

KiNBLBT,  Abthur  Carbuthbrb,  Capt.,  Co.  D,  115th  Engineen,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

HoPios,    Max  T Belixe,   British  Honduras,    C.    A, 

Hoi/r,  Jacob  M Thomas  Colliery  Co.,  Shenaudoah,  Pa. 

Hood,  K.  K American  Zinc,  Lead  A  Smelt.  Co.,  Carterville,  Mo. 

HousER,  J.  N American  Zinc  Co.  of  TenneBsee,  Mascot,  Ten 


HowBLL,  Jebsb  v.,  Field  Artillery  Officers  Training  School,  Ctunp  Taylor,  Kv. 
HuBSissiAN,  K.  L.,  Pvt.,  Co.  15th,  Depot  Brigade  leist,  Camp  Grant,  Bl. 
Ihlsbno,  Axxl  O 449  W^  123d  St.,  New  York,  N.  Y. 


AUljOJDI^U,    A^JU^  \J - .ttP    ffCfli    XAOU    01r.,    x^cnr      j 

Jauxb,  Plots  D.,  Ensign,  U.  S.  N.,  10th  Regiment,  Submarine  Unit, 

Pelham    Bay    Park,    New    York. 

Johnson,  G.  E International  Lead  Refin.  Co.,  Box  334,  Hammond,  Ind. 

Jordan,  Hahold  8 R.  F.  D.  I,  Box37,  Hayward,  Cal. 

Kbnnkdt,  John  S Instructed  to  hold  evetytning. 

Kirk,   Charlus  T Kirk  &  Hoover,  Box   1S92,   Tulaa,    Okla. 

Kniffin,  L.  M.,  U.  S.  Smelt.,  Refin.  &  Min.  Co.,  55  Congress  St^  Boston,  Mass. 

Landfield,  J.  B Burlingame,  CaL 

Lee,  Hboh  B.,  Gen'l  Supt.,  Mutual  Chemical  Co.  of  Canada,  Ltd^ 

Black  lAke,  Quebec,  Canada. 
LEemAx,  8.  W.,  American  Smelt.  &  Kefin.  Co.,  Reforma,  Est.  San  Juan, 

via  Cuatro  Cienewi,  Coah.,  Mexico. 

Lewis,    Robert  S University  of  Utah,   Salt  Lake  City,    Utah. 

LiKTmcuii,  J.  F Instructed  to  hold  everything. 

Locke,  AtJOimTDB 317  Hobart  Bids.,  San  Francisco,  Cw. 

McCuM^ouaH,  A.  S The  Carter  Oil  Co.,  Box  597,  Denver,  Colo. 

McCranet,  O Supt.,  Belmont  Shawmut  Miu.  Co.,  Shawmut,  Cal. 

McMaster,  a.  T.  C 75  Hamlet  Ave.,  Woonsocket,  R.  I. 

Mackat,  a.  N Trevose,  West  Byfieet,  Surrey,  England. 

Mahonbt,  j.  N 616  77th  St.,  Brookhrn,  N.  Y. 

Maieb,  Herman  R.,  lieut.,  Engr.  R.  C,  305th  Engineer  Train,  A.  P.  O.  756, 

A.  E.  F.,  Care  Postmaster,  N.  V. 

Manesb,  Orib  N Co.  D,  1st  Replacement  Engineen,  Washington  Barracks,  D.  C. 

Marshall,  Stcabt  B Roanoke,  Va. 

Maslin,  Tou Care  Charles  RetaUic,  1746  Depot  St.,  Calumet,  Mich. 

MATsrzAWA,  Dbntaro,  Chief  of  Producing  Dept.,  Nippon  Oil  Co., 

Marunouchi  Tokyo,  Japan. 

Milton,  M.C Mammoth,  Cal. 

MoiLES,  EaUiX  D 1275  Bush  Street,  San  Francisco,  Cal. 

MooNBT,  J.  D Capt.,  309th  Ammunition  Train,  Camp  Sherman,  Ohio. 

Morrow,  John  T.,  Chief  £ngr,,  Marlin-Rockwell  Loading  Co.,  Agent, 

Wilmington,  Del. 

MuRPHT,  J.  F Draper  Mine,  Calumet.  Minn. 

NQWI.AN,  H.  H 1st  Lieut.,  Balloon  Observation  Corps,  F.  A.,  A.  E.  F. 

NowuN,  R  A 2d  Co.,  E.  0.  T.  S.,  Camp  A.  A.  Humphreys,  Va. 

Page,  E.  R.,  lat  Lieut.,  Air  Service,  Military  Aeronautics,  A.  £.  F., 

Care  Postmaster,  N.  Y, 

Parsons,  Arthur  B Met.  Engr.,  Burma  Mines,  Ltd.,  Namtu,  Burma,  India. 

Partanen,  Isak Pvt.,  Headquarters  Co^  213th  Engineers,  Camp  Forrest,  Ga. 

Pearson,  Alfred,  Jr Capt.,  C.  E.,  U.  S.  A.,  Camp  Humphreys,  Va. 

Peterson,  Clarence  J Care  C.  L.  Severy,  803  Mayo  Bldg.,  Tulsa,  Ok!». 

Phillips,  LoTTiB Villa  Nova  de  Lima,  Minas  Geraes,  Braiil. 

Pickett,  C.  E 2d  lieut.,  F.  A.  R.  a,  A.  P.  O.  718,  A.  E.  F.,  France. 

Pitman,  8.  M 125  George  St.,  Providence,  R.  1. 

PouLBEN,  Maqnus,  Chief  Engr,,  Societe  Beige  Industrielle  et  Miniere  du  Kataaga, 
Nr,  20,  me  Berteaux'Dumas,  Neuilly  s/Seine,  France. 

Prince,  Ernest 656  University  Ave.,  Boulder,  Colo. 

PuBiNQTON,  Irvino  C Engr.,  United  Verde  Copper  Co.,  Clarkdale,  Alia. 

Putnam,  Henry  R.,  Capt.,  Engr.  R.  C.,  General  Engineering  Dnmt, 

Washington,  D.  C. 
Rablino,  Harold,  Act.  Corp.,  2d  Draft  Reinforcements,  Field  En^metts, 

Australian  Impenal  Foiom. 
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KjiTickilxnm Q.  M.  C,  Bftmcks  No.  3,  C«unp  Dodge,  Iowa. 

Rat,  Hobatio  C lot  Lieut.,  Eogr.  R.  C.,  Co.  A,  AI4th  Engmeers,  A.  E.  F. 

Rxas,  J.  BusNS C&pt.,  Ordnance  R.  C,  Inspection  Div^  Washington,  D.  C. 

RETNoi.Da,  Henbt  D.  G Box  872,  Lob  A^gelee,  Cal. 

RtCBABn,  LouiB  M 919  Venezia  Ave.,  Venice,  Cal. 

RoBiTAiLLX,  A.  EoHONn 219  I^ch  Bldg.,  Tulaa,  Okla. 

RoOBBs,  AI.EXASDER  P MetTopoUtui  Club,  WashUKton,  D.  C. 

RoLMB,  CHARLB8  M 21  WcBt  68th  St.,  New  York,  N.  Y. 

RouBH,  a.  A.,  Capt.,  Ord.  Dept.,  U.  S.  A.,  Inspection  IMv.,  6th  &  B.  Sts., 

N.  W.,  WashiiwtOD,  D.  C. 

Rdkabd  Hdbd U.  S.  Bureau  of  Mines,  State  Capitol,  St.  Paul,  Minn. 

ScBKUBiiB,  L.  R. . . .  Co.  D,  1st  Replacement  Engineers,  Washington  Barracks,  D.  C. 

ScHiLUNo,    QaoBOX  W 129   Carroll   St.,    Freeport,    El. 

ScHiNDiiXB,  Donald  F.,  34th  Co.,  M.  T.  D.,  Machine  Gun  Training  Center 

Camp  Hancock,  Ga. 
ScHiiEBBTH,  C  Q.,  Care  (^.  de  Minerals  y  Metales,  S.  A.,  Apartado  2G1, 

Monterey,  N.  L.,  Mexico. 
Schmidt,  R.  D.,  Lieutj  324tb  Held  ArtiUery,  A.  E.  F.,  Care  Postmaster,  N.  Y. 
ScstiTDT,  W.  C,  Min.  Engr.,  Cons.  Ariiona  Smelt.  Co.,  Bluebell  Mine,  Maver,  Aria. 

SxARiKO,  Outer  P Care  Constructing  Quartermaster,  Camp  Sheloy,  Miss. 

Seno,  Chan  Kbt Box  341,  Copperhill,  Tenn. 

Sheeleb,  Wai/teb  L Catlin  Stiale  Products  Co.,  Elko,  Nev. 

Shbitbb,  Eu^worth  H.,  1st  Lieut.,  Co.  C,  27tb  Engineers,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

Shutm,  Arthcb  B 182  N.  Franklin  St.,  WIlkee-Barre,  Pa. 

SixT,  W.  M Care  E.  A.  Sixt,  West  Park,  Ohio. 

SUAUi,  HoBATio  L.,  Capt.,  32d  Provisional  Ordnance  Depot  Co.,  A.  E.  P., 

Care  Postmaster,  N.  Y. 

SiciTB,  Lton 1370  Race  St.,  Denver,  Colo. 

Spbholbb,  Frbdbbick Instructed  to  hold  eTerything. 

Spebb,  J.  D 4420  Northcote  Ave^  East  Chicafjo,  Ind. 

8pii;bbuki,  Pebsifor  G 214  O'Neill  Blds^  Phoenix,  Aril. 

Stanfoiu),  Richakd  B 2824  Napoleon  Ave.,  New  Orleans.  La. 

Stanton,  Robebt  B New  Caanan,  Conn. 

Stabbibd,  Rot Pvt.,  Co.  D.  esd  Infantry,  Presidio,  Cal. 

Stein,  Paul American  Smelt.  &  Refin.  Co.,  Sasco,  Aris. 

Rtbvbn,  Hugh  M Capt.,  7th  Battalion,  Canadian  Engineers,  B.  E.  F. 

Stifbl,  Cabl  G 2007  Herbert  8t^  St.  Louis,  Mo. 

Stravb,  Cbablbs  E Box  147,  Cincinnati,  Ohio. 

Stbonce,  Hubert  N.,  Chief  of  Operations,  Kenfield-Lamoreaux  Co 

1552  Otis  Bide.,  Chicago,  HI. 

Tapun,  Thomas  J.,  Jk 16  Lordship  Park,  London,  N.  16,  England. 

Tebto,  John  N.,  U.  S.  Naval  Training  Sta.,  I5th  Reg.  Aviation,  C.  P.  O.  Barracks, 

Great  Lakes,  111, 
TsaCB,  T.  A.,  Chief  Engr.  and  Designer,  Noorbottens  Jamverks  Aktiebolag, 

Tumba,  Sweden . 

Thohpson,  A.PBBRT Cons.  Min.  Geol.,  445  Hanover  Ave.,  Oakland,  Cal. 

Thohpson,  Warrbn  D.,  Care  William  D.  Orcutt,  333  Commonwealth  Ave., 

Boston,  Mass. 

Thomson,  Hehht  N 405  West  Adams  St^  Los  Angeles,   Cal. 

Thobnb,  Wiluam  B 131  Locust  St.,  Santa  Crui,  Cal. 

Ticknkb,  Fbanx  W Care  Frontier  Brass  Foundry,  Niagara  Falls,  N.  Y. 

Tuhnmb,    a.    a Barstow,  Cal. 

Ttbsowbbi,  John,  Major,  Q.  M.  R.  C,  Care  C.  B.  Parker,  Woodward  BIdg., 

16th  &  H  Sta.,   N.   W.  Washington,   D.  C. 
Uben,  Lbsteb,  C,  Capt.,  Chemical  Warfare  Service,  A.  E.  F., 

Care  Postmaster,  N.  Y. 

Vabian,  J.  P 615  Franklin  Ave.,  PaUnerton,  Pa. 

Vmbl,  C.  E Co.  3,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Walkkb,  L.  a General  Engineering  Co.,   Salt  Lake  City,   Utah. 

Wallowbb,  Hxbbkbt  Hoovbb,  2d  Lieut.,  Co.  B,  29th  Engineers, 

A.  P.  O.  714,  A.  E  .F. 

Wabd,  a.  T Co.  F,  66th  Pioneer  Infantry,  Camp  Wadsworth,  S.  C. 

Wahd,    Mbbwin  H 417  Seounty  Bldg^  St  Louis,    Mo. 

WABToaD,  Norman  L.,  Powdered  Coal  Engr.,  Fuller  EngineeringOo.,  Allentown,  Pa. 
Watbbb,  a.  L Can  Cnftrlea  E.  Riohaidson,  Hong  Kong,  China. 
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Wehbtrou,  Olof,  Bonbright  &  Co.,  Shawmut  Bonk  Bldg., 

S5  ConKresB  St.,  Boston,  Maae. 

WBaTBEvMiT,  E.  W Iiutructed  to  hold  everything. 

WiLus,  CHAHLEa  F.,  Cona.  Supervisor,  Dept.  of  Industrial  Kelations, 

Phelpa  Dodge  Corpn.,  Biabee,  Aiii. 
Wood,  Rot  U.,  Ensign,  U.  S.  N.  R.  P.,  Section  R,  Bureau  of  Ordnance, 


Navy  Dg>t.,  Washington,  D.  C. 

WohubeilFblix  E Co.  3,   E.   0.   T.   C.,   Camp   Humphreyn.   Va. 

Whaith,  WILLIAM Room  1927,  42  Broadway.  New  York, 


Wtler,  Joseph  A 1947  West  100th  St.,  Cleveland,  Ohio. 

Yost,  Harold  K.,  Asst.  Oeol.,  Phelpe  Dodge  Coipn., 

Burro  Mountain  Branch,  Tyrone,  N.  M. 

YooNo,  Lewis  E 400  Union  Electric  Bids.,  St.  Louis,  Mo. 

Ydndt,  Leonakd  D Co,  A,  27th  Engineers,  A.  E.  F.,  Care  Postmaater,  N.  V. 


Mkmbbrs'  Addhkssbs  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  been  returned. 

Andbrson,  p.  B Copper  Queen  Cons.  Min.  Co.,  Biabee,  Arit- 

Armstrong,  Cliiton  T 347  Manhattan  Ave.,  New  York,  N.  Y- 

ASHMORE,  E.  P 504  Sherboume  St.,  Toronto,  Ont.,  Canada. 

Barnard,  C.  W North  Chicago  Hospital,  2551  N.  CUrk  St.,  ChicBgo,  II!. 

Barnbtt,  William  J 8   Waterloo  Place,  Pall  Mall,  London,  S.  W.,  England. 

Bird,  Prank  H Butler  Hotel,  Seattle,  Wash. 

BI.ANCHARD,    Ralph  C 3  Lombard   St.,  London,  England. 

Boas,    Ross   H Highland   Boy    Mine,    Bingham   Canyon,    Utah. 

Bbbbding,  F.  O Eden  Min.  Co.,  Bluefields,  Nicaraf^a. 

Brooke,  Lionel Minos  del   Tajo,    Roaario,    ^.,    Mexico. 

Browne,  Arthur  B Malleable  Iron  Fittiaga  Co.,   Branford,  Conn. 

Bryant,  GBOBaE  W Apartado  86,  Guanajuato,  Gto.,   Mex. 

Btbrb,  Wdbaton  B SO  Hampton  Hall,  Cambridge,  Mass. 

CoNOVER,  M.  J Hotel  Bellevue,  San  Francisco,  Cal. 

Dennis,   Paul  J Biabee,   Aril. 

Dbtert,   William   F Jackson,   Amador  Co.,  Cal. 

Ehlers,  L.  W 2137  St.  Louis  Ave,,  St.  Louis,  Mo. 

deFabia,  C.  C,  Fiscal  das  Estradas,  Rua  Condo  do  Bomfim,  No.  46, 

Rio  de  Janeiro,  Brftnl. 

FiELDiNo,  Sir  Charles Belmont,  Faveraham,  Kent,  England- 

Geib,  Pkancis  Hodgson Rolla,  Mo. 

GoLDsHTTH^   OsHER RoUa,  Mo. 

Hbrr,  J.  Campbell Box  556,  State  College,  Pa. 

HoviAND,  Henrt  B Loa  Angeles  Athletic  Club,  Los  Angeles,  Cal. 

Kay,  David  Nelson Ray  Cons.  Copper  Co.,  Hayden,  Aris. 

Kebnan,  Thomas  H.,  School  of  Mines  Experiment  Sta.,  Univ.  of  Minnesota, 

Mimieapolis,  Minn. 

Klugbbcreid,  Walter  P 616  W.  llSth  St.,  New  York,  N.  Y, 

KoNBBLMAN,    Albert    S Globe,  Arix. 

Levy,   MaTON  M 525  Cache  la  Pouche  St.,  Colorado  ^linnB,  Colo. 

Morris,  John  M Rolla,  Mo. 

Prior,  Charles  E La  Blanca  y  Anexas  Mina,  Pachuca,  Hd(^.,  Mexico, 

Roberts,  Edward  J. .  .Gen'l  Mgr.,  Nevada  Pyramind  Min,  Co.,  Riverside  Hotel, 

Reno,  Nev. 

Ross,  Herbert  W 314  Pacific  Ave.,  Kedmont,  Oakland,   Cal. 

Simpson,   Kenneth  M 57  Post  St.,   San  Francisco,  Cal. 

Sticknby,  William  H 708  N.  Center  St.,  Reno,  Nev, 

Tao,  H.  T Rolla,  Mo. 

TONO,  SiNQ  Kow 404  W.  116th  St.,  New  York,  N.  Y. 

Van  Rensselaer,  Abthur  M 119  E.  61st  St.,  New  York,  N.  Y. 

WoNOjYiN  Charles Rolla,  Mo. 

Woo,  W.  K M  70  Sng  Kong  li,  Minghong  Road,  Shanghai,  China. 
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Necbology 

(Sea  alu  "Died  in  SetrlM.") 

The  deaths  of  the  following  members  were  reported  to  the  Secre- 
tary's office  during  the  month  Aug.  10,  1918,  to  Sept.  10,  1918. 


Candidates  roB  Mbubebship 
Application  pok  MBKBEBamp. — Tha  iDStitute  desiree  to  extend  iti  privileges  to 
every  person  to  whom  it  <md  be  of  aerriee.  On  Che  other  h&nd,  it  ia  not  desirable  that 
penons  should  be  &dimtted  to  membership  in  claases  for  which  they  are  not  qualified: 
MembeiB  of  the  Institute  cftn  be  of  great  service  if  they  will  make  a  practice  of  glanc- 
inf;  through  the  list  of  applicants  and  promptly  notifyins  the  Comnuttee  on  Member- 
ship, or  the  Secretary  of  the  Institute,  of  any  persona  wham  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 

ApplicalioTU  iMcking  Endorsement 
Applications  for  membership  have  been  received  from  Mr.  Braecke 
and  Mr.  Wilkie,  whose  records  are  given  below.  These  applications 
lack  the  necessary  number  of  endorsers,  but  since  these  candidates 
live  at  some  distance  from  the  headquarters  of  the  Institute, 
thdr  records  are  published  here  in  order  that  any  members  who  are  ac- 
quainted with  them  may  be  advised  of  the  circumstances  and  may  have 
an  opportunity  of  writing  to  the  Secretary  endorsing  these  candidates. 

MeTnbers 
Gtiatave  Braecke,  La  Carolina,  Spain. 
Proposed  by  A,  DeDeken. 

Bom  1860,  Nieuport,  Belgiuin.  1886,  Grad.,  School  of  Mines,  Li^e,  Belgium, 
M.  E.  and  Engr.  of^Arts  and  Manufactureis.  1887-91,  Ore-dressing  D^t.,  Hum- 
boldt Engng.  Works,  Kalk,  Germany.  189I-I901,  Prospecting,  Northern  Transvafcl; 
,  Molyneux  mines,  Witwatersrand,  Transvaal.  1901-03,  Mgr.,  Gwendoline 
1903-06,  Mgr.,  Mina  San  Vicente,  Socifit*  La  Nouvelle  Montagne, 


1906»O7,  Proepecting  for  fine,  DiendU  mine,  Arzelia.     1907-11,  Mgr.,  Ollin 


Bto., 

goldm 

,  North  Spain.  '1911-13,  Reportinj?  in  Spain'  for  Soci^t^  d 'Etudes  lilmifrei 
urusiels.  1914-18.  Mgr.,  Lead  mmes,  Curae  and  Sotdado,  and  Technical  Mgr., 
New  Cerdenillo,  Silver-lead  mines,  La  Carolina,  Spain. 

Present  pomtion:  Mgr.,  Soci^  Curas  et  Soldaao  de  Carolina. 

Sonald  Cook  WlUde,  Serembau,  Federated  Malay  States. 

Proposed  by 

Bom  1879,  Dundee,  Scotland.  Brothers'  school,  Penang,  Straits  Settlements; 
Bsptists'  School,  Rangoon,  Burmah;  Donaldson's  School,  Dundee,  Scotland ;  1890- 
92,  Wallacetown  School,  Dundee,  Scotland.  1892-98,  Mechanical  and  electrical 
construction  and  repair  work:  engr.  experience;  drafting  room;  shop  at  sea,  Ross  &■ 
Wilkie,  Scotland.  1898-99,  Asst.  Engr.,  China  Bomeo  Co,,  Ltd.,  Sandakan,  B.  N., 
Borneo.  1901-03,  Salvage  Dept.,  Tangong  Pagar  Dock  Co.,  Ltd.,  Singapore.  1903- 
10,  Engr.,  Pyritical  Ore  Xnetallation,  Sungei  Bmi  recovery  of  tin  stone  from  arsenical 
and  sulphurous  ores.  The  Straits  Trading  Co.,  Ltd.,  Sungei  B^,  Malay  States. 

Present  position- — 1910  to  dat«'.  Supt.  Engr.,  Linggi  Plantations  Ltd. 

The  following  peiBons  have  been  proposed  during  the  period  Aug.  10, 
1918,  to  Sept.  10,  1918,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  ^hom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  snffieient  period  (varying  in  the  discretion  of  the  Committee,  accord- 
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ing  to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  communications,  before  any  action  upon  these  names  by  the 
Committee.  After  the  lapse  of  this  period,  the  Committee  will  recom- 
mend action  by  the  Board  of  Directors,  which  has  the  power  of  final 
election. 

Membera 

Geoige  Elmer  Abeniadiy,  Stoddard,  Ariz. 

Proposed  by  S.  E.  Chaoey,  Claude  Ferguson   W.  F.  Dietrirh. 

Bom  1885,  Springfield,  Mo.  1914,  Grad.,  MiBSOuri  School  of  Mines,  Rolla,  Mo„ 
B.  8.  in  M.  E.  1909,  Mill  work,  Utah  Copper  Co.,  Bingham  Canyon,  Utah.  1910- 
11,  Miner;  Shift  Bobs,  Leonard  mine,  Butte,  Mont.  1912-14,  Supt.  of  precipitation;  ' 
Mine  Captain,  Loa  Dob  Eatrellae  mine,  El  Oro,  Mex.  1914-15,  Aast.  in  mining,  in 
charae  of  Laboratory,  Missouri  School  of  Mines,  Rolla,  Mo.  1916,  Engr.,  Ariiona 
Bingnamton  Copper  Co, 

Present  position — 1916  to  date:  Shift  Boss,  Ariiona  Binghamton  Copper  Co. 

Williun  Welsh  Adams,  San  Antonio,  Tex. 

PropOBed  by  P.  K.  Lucke,  Prank  J.  Nagel,  C.  Q.  Schlereth. 

Bom  1887,  Sault  Ste.  Marie,  Mich.  1909,  Grad.,  Leiand  Stanford  Univ.  1910- 
11,  Min.  Engr.,  1911-14,  Mine  Foreman,  Ojuela  mines,  Durango,  Mexico.  1914, 
Mine  Foreman,  Sta.  Gertrudis  mine,  Pachuca,  Mexico. 

Present  position — 1915  to  date :  Supt.,  Paloma  y  Cabriilas  Mines,  Higueros.  Coah., 
Mexico, 

Jesus  Escobar  AlvarM,  Colombia,  S.  A. 

Propoaed  by  Norman  L,  Jenks,  Juan  de  la  C.  Posada,  Alejandro  Lopes. 

Bom  1885,  Medellin,  Colombia.  1002,  National  School  of  Mines.  Medellin. 
1907,  Univ,  of  Antioquia,  Medellin;  International  Correspondence  School,  Scranton, 
Pa.  1900-10,  Chu^e  of  Laboratory,  Restreppo  &  Escobar,  Medellin.  1910-11, 
Mine  Mgr,,  Colombia,  1911-14,  Mgr,,  La.  Cosc&da,  Manizales,  Colombia.  1914—17, 
Mine  Mgr.,  El  Coral. 

Present  position — 1917  to  date:  Asst.  Mgr.,  Colombia  Min.  Co. 

Daniel  Alexander  BanT,  Idaho  Springe,  Colo. 

Proposed  by  Fred.  H.  Bostwick,  Louis  S.  Noble,  Richard  A.  Parker. 

Bom  1870,  Nova  Scotia.  Educated  at  Pubhc  Schools.  1894-96,  Stationaiy 
Engr^  Columbia  Mines  Co.,  Ward,  Colo.  IS95,  Stationary  Ei^r.,  Columbia  Leasing 
Co.,  Ward,  Colo.     1896,  Tableman,  The  Big  Five  Tunnel  Ore  Reduction  &  Trans- 

Sortation    Co.;    Stationary   Engr.,    Modoc    Min.  &  Mill.  Co.,  Ward,  Colo.     1897, 


.>Iight  Millman,  construction  and  operation,  San  Bias  Min.  Co.,  Ward,  Colo. 
1898-99,  Night  Millman,  Santon'  4  Coleman,  Leasees,  Ward,  Colo.  1899-1901,  Sta- 
tionary Engr.,  Pennsylvania  Mill.  Co.,  Boulder,  Colo.  1901-04  Stationary  Engr., 
installation  and  operation  of  machinery,  Big  Five  Tunnel  Ore  Reduction  ftl^anspor- 
tation  Co.,  Frances  and  Idaho  Springs,  Colo.  1905-11,  Supt.,  Big  Five  Tunnel  Ore 
Reduction  &  Transportation  Co.,  Frances,  Colo. 

Present  po8ition^l911  to  date:  Supt.,  Big  Five  Tunnel  Ore  Reduction  Co. 
and  its  successor  The  Big  Five  Min,  Co. 

George  Scott  Baton,  Pittsbuivh;  Pa. 

Proposed  by  S.  A.  Taylor,  W.  W.  Keefer,  W.  A.  Luce. 

Bom  1869,  Philadelphia,  Pa,  1894,  Grad.,  Lehigh  Univ.,  B.  S.  1896,  Ens;., 
Monoiwah  Coal  &  Coke  Co.,  Monongah,  W.  Va.  1896-1900,  Div.  Eng.,  H.  C. 
Prick  Coke  Co.,  Scottdale,  Pa.  1900-02,  Building  and  operating  coal  mine,  Fayette 
Co.,  Pa.     1902-18,  Cons.  Min.  Engr.,  opening  and  developing  coal  properties. 

Present  position:  Member  of  firm,  Etaton  &  Elliott,  Civil  and  Mm.  Engrs. 

Cluiries  Sewell  Beach,  Frontier.  Wvo. 

Proposed  by  W.  D.  Waltman,  W.  t>.  Brennan,  P.  J.  Quealy. 

Bom  1871,  Howell,  Mich.  1893,  Common  and  high  school.  1895-99,  Min.  Eng., 
University  of  Wyo.,  B,  S. 

Present  position^lQOO  to  date:  Eng.  and  Asst,  Supt.,  Kemmerer  Coal  Co. 

Theodore  Dyer  Benjovsky,  Sweetwater,  Nev. 

Proposed  by  Charles  Kirchen,  Henry  W.  Rives,  S.  H.  Brady. 

Bom  1884,  Leadville,  Colo.  1909,  Grad,,  Colorado  School  of  Mines,-  E.  M. 
1896-1908  (Summers  and  falls)  Min.,  Silverton,  Colo.  1908,  With  Colorado  Geo- 
logical Survey.  1909-10,  Mine  Foreman  and  Supt.,  W.  B.  Lowe  Min.  Co.  1910 
Electrician,  Vermillion  Min.  Co.     1910-11,  Leasing,  La  Plata  Dist.,  Colo.     19U-13, 
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Mgr.,  ranch  at  tiel  Norte,  Colo.  1913-14,  Gen'l  Supt.,  New  State  Reduction  Co. 
1914,  Chum  drills  and  field  geol.,  Phelps-Dodge  Corpn.,  Morenci,  Ari*.  1914-lS, 
General  contracting  minina  work.  1915^18,  Mine  Foreman  to  Cons.  Engr.,  U.  8. 
Gold  Corpn.     1918,  Mil!  Foreman,  Primoa  Chemical  Co.,  Empire,  Colo. 

Present  poaition:  Cons.  Engr,,  Nevada  Progressive  Gold  Min.  Co. 

George  Blind;  Boteford,  Sunrise,  Wyu. 

Proposed  by  W.  D.  Waltraan,  William  F.  Moenke,  Charles  T.  Lupton. 

Bom  1880,  Hancock,  Mich.  1903,  Grad.,  Michigan  College  of  Mines,  Houghton, 
Mich^  B.  8.  and  E.  M.  1903-05,  Aast.  Chem.  and  Chief  Chem.,  Lake  Superior  Smelt. 
Co.,  Dollar  Bay,  Mich.  1905,  Aest.  Min.  Eng.,  Colorado  Fuel  &  Iron  Co.,  Sunrise 
iron  mines.  1905-09,  Chief  Mm.  Ens.,  Colorado  Fuel  &  Iron  Co.,  Div.  Eng.,  Sunrise 
Branch,  Colorado  and  Wyoming  Railroad,  Sunrise,  Wyo. 

Present  position — 1909  to  datei  Asst.  Supt.,  Sunrise  Mines,  Colorado  Fuel  & 
Iron  Co. 

Thomas  Albert  Brown,  Breckenridge^  Colo. 

Proposed  by  Fred  H.  Bostwick,  Louis  S.  Noble,  Richard  A.  Parker. 

Bora  1861,  Vorkshire,  England.  1880-S4,  Placer  mining  work.  1884-89,  Dis- 
covered and  worked  Tip  Top.  Romance  and  Salins  gold  mining  properties;  engr. 
and  amalgamator.  Jumbo  Mill,  Jumbo  Co.  1889-95,  Clothing  store,  Breckenridge, 
Colo. ;  mining  and  reporting;  constructed  foundry,  machine  and  boiler  works.  Aspen, 
Colo.  1895-98,  Mmed  and  milled  sulphide  ores,  lead,  Jiinc  and  iron,  Welhngton 
mines,  Breckenridge,  Colo.  1898,  Worked  I.  X.  L.  mines.  Swan  City,  Colo.  1899, 
Supt.,  Carrie  Gold  Min.  &  Mill.  Co.  1899-1905,  Working  own  properties,  leasdng 
others  and  reporting  on  them.  1905,  Purchased  half  interest  in  I.  X.  L.  properties. 
1906-08,  Leasing  and  working  Tniax  mines,     1908-16,  Workingmining  broperties. 

Present  position— 1917  to  date:  Supt.,  I.  X.  L.  (now  Royal  Tiger)  Mine,  Royal 
Tiger  Mines  Co. 

In  Clinton  Callander,  Jodie,  W.  Va. 

Proposed  by  H.  E.  Nold,  R.  H,  Morris,  Geo^e  H.  Morse. 

Bom  1888,  Ontario^  Canada.  1908-14,  Ohio  State  University.  1814-17,  Min. 
Engr.,  Jasper  Park  Colberies  Ltd  Pocahontas,  Alta.,  Gaoada.  1917-18,  Min. 
'  Enn.,  Gauley  Mountain  Coal  Co.,  Jodie,  W.  Va. 

Present  position:  Asst.  Supt.,  Gauley  Mountain  Coal  Co. 

Honroe  O.  Carlson,  Namtu,  Burma. 

Proposed  by  T.  E.  Mitchell,  Arthur  W.  Jenka  A.  B.  Paiaons. 

Bom  1891,  Denver,  Colo.  1899-1911,  Public  and  h«h  schoola,  Denver,  Colo. 
1911-12,  Univ.  of  Denver.  1912-15,  Colorado  School  of  Mines,  E.  M.  1913-15, 
Sampler,  Globe  Smelter,  Denver;  Colo.  1915-16,  Engr.,  Utah  Fuel  Co.,  Castle 
Gate,  Utah.     1916-17,  Assayer,  Chem.,  Tomboy  Gold  Min.  Co.,  Tellnride,  Colo. 

Present  position — 1917  to  date:  Min.  Engr.  and  Met.,  Burma  Mines  Co.,  Ltd. 

Inlea  Cousin,  New  York,  N.  Y. 

Proposed  by  A.  E.  Wheeler,  F.  W.  Snow,  S.  H.  Ball. 

Bora  18S4,  Belgium.  1903-09,  Univ.  of  Lifige.  1910,  Univ.  of  Li6ge  and  Louvain, 
M.  E.,  C.  E.,  E.  E.  1911-12  Student  Engr.;  1912-14,  Secretary;  1914-16,  Asst. 
Gen'I  Mgr.,  Union  Mini^  du  Haut  Katanga  (Belgian  Congo).  1916-17,  Asst. 
Gen'l  Mgr.     1917,  Acting  Gen'I  Mgr.,  Chemin  de  fer  du  Katai^^a, 

Present  position — 1917  to  date:  New  Ygrk  Office  of  Union  Mini^re  du  Haut 
Katanga. 

Stuart  Croaedale,  Denver  Colo. 

Proposed  by  Richard  A.  Parker,  H.  L.  Brown,  Webster  P.  Caiy. 

Bom  1866,  Delaware  Water  Gap,  Pa.  1888,  B.  S.:  1891,  M.  S.  and  Ph.  D., 
Lafayette  Collie.  1891-1903,  Head  Chem.,  Holden  Lixiviation  Works,  Aspen,  Colo. 
1893-94,  Aasayer,  Golconda  gold  mine,  SummitviUe,  Colo.  1894-95,  Assayer,  Gillett 
Reduction  Works,  Gillett,  Colo.  1896-96,  Assaying  and  investigation,  ore  treatment. 
Commonwealth  mine,  Pearce,  Aris.  1896-1900,  Head  Chem.,  Globe  Smelt,  ft 
Re£n.  Co.,  Denver,  Colo.  Pioneer  Smoke  Investigation,  Anaconda  Copper  Co., 
Anaconda,  Mont.  Development  of  Burro  Mountain  Copper  Co.,  N.  M.  Develop- 
ment of  copper  leaching  process,  Ajo,  Ariz.  Special  investigations  for  American 
Smelt,  ft  Refin.  Co.,  American  Metal  Co.,  U.  S.  Smelt.  &  Refin  Co.,  Nipissing  Min. 
Co.,  and  others. 

Present  position— 1900  to  date:  Cons.  Engr.,  Min.,  Met.  and  Industrial  Chem. 

Hark  OrviUe  Danford,  Trinidad,  Colo. 

Proposed  by  Frank  Bulkley,  Richard  A.  Parker,  David  G.  Miller,  Louis  8.  Noble. 

Bom  1875,  New  Boston,  111.    Educated  at  public  schools.     1900-06,  Asst.  Engr., 
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Viotor  Fuel  Co.  1906-07^  Engr.,  H.  C.  Nichols  Coal  Co.  and  Chicosa  Fuel  Co. 
1907-11,  Senior  Member,  Dkoford  A.  Suiderwn^  Engis.  1911-14,  Gen't  Supt.,  Cedar 
Hill  Coal  A  Coke  Co.  H&ve  acted  in  consulting  capacity  for  number  of  coal  com- 
panies in  New  Meidoo,  Utah,  Wyoming,  Colorado  and  old  Mexico. 

Present  position — 1914  to  date:  Senior  Member,  Danford  A  Douglas,  Trinidad: 
Danford  &  liiompaon,  Walsenbiirg;  Danford,  Thompaon  &  Douglas,  Tnnidad  ana 
Waleenhiirg.  Cons.  E^gr.,  Pikes  ^k  Fuel  Co.,  Colorado  Springs  Co.,  Oakdale  Coal 
Co^  Cedar  Hill  ConI  &  Coke  Co.,  Crested  Butte  Anthnuate  Mm.  Co.,  Albuquerque 
&  Curilloa  Coal  Co.,  Rapson  Coal  Min.  Co.  and  otheis. 

Oicsr  Eugene  DeWitt,  Cuba  City;  Wis. 

Proposed  bv  W.  N.  Smith,  8.  H.  Davia,  Ralph  E.  Davis. 

Bora  18SS,  Susanviile,  Cal.  1899-1900,  Platteville,  Wis.,  Nonnal  School.  1910- 
12,  Platteville,  Wis.,  Mining  Trade  School.  1909,  Coal  mm.,  Edmonton,  Alberta, 
Cuiada.  1911,  Zinc  mill  construction  in  Wis.  1913,  Pbnt  Engr.,  Rowley  mine,  Via. 
1914,  Asst.  Supt.,  ETlsworth  A  RundeU  mines;  Supt.,  Vinegar  HiU  mine.  1915. 
Mill  Supt.,  Martin  mine;  North  Unity  mine.  1916,  %ipt.,  North  Unity  mine;  Hodge 
mine.     1917,  Supt.,  Kittoe  mine;  Jeffereon  mine. 

Present  position:  Supt.,  Jefferson  Mine,  Hasel  Green,  Wis. 

Thomas  Bailey  Dryer,  Birmingham,  Alabama. 

Proposed  by  Robert  Hamilton,  Quin  W.  Stuart,  H.  S.  Geismer. 

Bom  I8S9,  Birmingham,  Ala.     1908,  Grad.,  Alabama  Polytechnic  Institute,  B.  S. 

1908,  Laborer,  electrical  construction  work,  Alabama  Polytechnic  Institute;  draftsman 
and  rodman,  Kane  Lumber  Co.  1909,  Draftsman,  Thauton  Bros.,  £k^rs.,  Birming- 
ham, Ala.;  draftsman,  Montgomery  Coal  Washer  &  Mfg.  Co.,  BirminEnam,  Ala. 
1909-13,  Field  Engr.,  MotW  &  Dryer,  Birmingham,  Ala.  1913-17,  Min.  Engr.; 
Supt.  of  Coal  Mines,  Roden  Coa.1  Co.,  Marrel,  Ala.  1917-18,  Min.  Engr.,  Tennessee 
Coal,  Iron  &  Raiboad  Co.,  191S,  Construction  Enxr.,  Slosa-Sheflield  Steel  A  Iron  Co. 

Present  position:  Chief  Construction  Engr.,  ^MS-ShefiBeld  Steel  A  Iron  Co. 

James  Rutherford  Elliott,  Pittsbura;h,  Pa. 

Proposed  by  S.  A.  Taylor,  W.  W.  Keefer,  W.  A.  Luce. 

Born  1873,  England.  189.1,  Grad.,  Western  Univ.  of  Pennsylvania,  now  Univ.  of 
Pittsburgh,  C.  E.  1893-1900,  Aast.  Eng.,  Wilkins  A  Davison,  Pittsburgh,  Pa. 
1900-02  Chief  Asst.,  W.  G.  Wilkins,  Pittsburgh,  Pa.  1902-07,  Member  of  firm, 
Elliott  A  Baton,  Pittsburgh,  Pa.     1907-16,  Min.  in  Cal.,  Arii.  and  Utah. 

Present  position— 1916  to  date:  Member  of  firm.  Baton  and  Elliott,  engaged  in 
opening  and  development  of  coal  min.  properties. 

Clarence  Hilton  Fenton,  Cohimbuo,  Ohio. 

Proposed  by  M.  S.  MacCarthy,  Edward  L.  Blossom,  Murray  F.  Crossette,  Harry 
J.  Wolf. 

Bom  1857,  St.  Louis,  Mo.  1875,  Grad.,  Buffalo  High  School,  Buffalo,  N.  Y. 
1879,  Fredonia,  N.  Y.,  Academy.  1880-1907,  Gen'l  ftlgr.,  Erie  Preserving  Co., 
Buffalo,  N.  Y.     1908,  Became  Dir.,  Columbus  Iron  *  Steel  Co.,  Columbus,  Ohio. 

1909,  Gen.  Supt.,  coal  mines  and  coking  plant,  Marting,  Fayette  Co.,  W.  Va.  1914 
Genl  Mgr.,  Rising  Sun  Min.  Co.,  mimuE  linc  ores,  Mo.  and  Ark.  1915,  Pres.  and 
Gen'l  Mgr.,  Nevada  Smelt.  Co.,  flevadtk  Mo.  1916,  Sec'y  and  Dir.,  Cherokee  &iiett. 
Co.,  Cherokee,  Kan.  1915,  Treas,  and  Gen'l  Mgr.,  American  Star  Antimony  Co., 
Gillham,  Ark.  All  above  companies  subsidiary  to  Columbus  Iron  A  Steel  Co.  1017, 
Mce-Pres.,  Ohimo  Min.  Co.,  Miami,  Okla. 

Present  position — 1917  to  date:  Officer  in  above  six  companies. 

Edwin  Stanton  Fickes,  Pittsburgh,  Pa. 

Proposed  by  H.  8.  Harrap,  S.  A.  Taylor,  W.  A.  Luce. 

Bora  1872.  Steubenville,  Ohio.  1894,  Grad.,  Rensselaer  Polytechnic  Institute, 
Troy,  N.  Y.,  C.  E.  1894-96,  Water  works  construction,  in  charge  constraction,  eoal~ 
min,  plant;  m  charge  bridge  repairs,  etc.,  Wilkins  &  Davison,  Pittsburgh,  Pa.  1896- 
97,  Building  mill  for  National  Tube  Co.;  building  bridge  over  Ohio  River,  Herman 
lAub  Co.,  Pittsburgh,  Pa.  1897-9,  Building  coal-min.  plant;  surveys,  sewera^, 
grading;  building  water  works;  Wilkins  ft  Davison,  Pittsburgh,  Pa.  1890,  Dengnmg 
96tb  St.  power  house  and  hydro-electric  works,  F.  S.  Peaison,  New  York. 

Present  position — 1899  to  date:  Chief  Engr.  in  charge  of  engineering,  mining, 
traffic  ft  purchasing,  Aluminum  Company  of  America. 

Edgar  Harold  Gould,  White  Pine  Mine,  Mich. 

Proposed  by  Ocha  Potter,  C.  H.  Benedict,  A.  H.  Wohlrab. 

Bom  1887,  West  Brookfield,  Mass.     1907,  Grad.,  Battle  Creek  High  School, 
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deooy  En^.     1913-15,  Min.  Capt.,  Osceola  Mid.  Co.,  iiearsarge,  Mioh. 
Preeent  position-~19I5  to  date:  Asat.  Supt.,  White  Pine  Copper  Co. 


Bom  IS8S,  FarkereburK,  W.  Va.  1911,  West  Virginia  Univ.,  B.  S.  and  E.  M. 
1011-13,  Chief  Eng.,  Brother  Valley  Coal  Co.,  Macdonaldton,  Pa.  1913-15,  Aast. 
Ehb.,  W.  G.  WUkinfl  Co.,  Huntington,  W.  Va.  1915-17,  Chief  Eng.,  Coliins  interesta, 
Louisville  Coal  A  Coke  Co.,  Bramwell,  W.  Va. 

Present  poaitiou — 1917  to  date:  Gen.  Mgr.,  Elkhomseam  Collieries  Co. 

Edward  Center  Groeabeck,  WashinRton,  D,  C. 

Proposed  by  Henrv  M.  Howe,  Bradley  Stoughton,  John  Howe  Hall. 

Bom  1881,  Albany,  N.  Y.  1904,  Grad.,  ■miliama  College,  B.  A.  1906,  Grad., 
MaasBohusetts  Institute  of  Technology,  S.  B.  1909,  Williams  College,  Honorary 
Decree  of  M.  ^.     1906-09,  Asst.  to  Prof.  Henry  M.  Howe  in  profesaional  and  investi- 

n}n  work  in  iron  and  steel  metallurgy.  1009-11,  Devoted  largely  to  study.  1911, 
.,  Met.  Lab.,  Taylor  Iron  4  Steel  Co.  (now  Taylor-Wharton  Iron  &  Steel  Co.), 
High  Bridge,  N.  J.  1912-17,  Chem.;  Met.;  Research  Asst.,  Pittsfield  [Mass.)  Works 
Laboratory,  General  Electric  Co. 

Present  position — 1017  to  date:  Asst.  to  Prof.  Henry  M.  Howe,  engaged  in  research 
work  in  iron  and  steel  metallui^. 

Frank  B.  Grant,  Ruth,  Nev. 

Proposed  by  R.  E.  H.  Pomeroy,  J.  C.  Kinnear,  G.  B.  Lakenan. 

Bora  1869  Dooner  Lake,  Cal.  1878-86,  Public  schools.  1886-89,  Locomotive 
Fireman.  1889-1901,  Locomotive  Eng.  1901-10,  Mgr^  hardware  busmess.  1010- 
18,  Supt.,  steam-shovel  operations,  Utah  Constr.  Co.,  Salt  Lake  City,  Utah. 

Present  position:  Supt.,  Steam-shovel  Mines,  Nevada  Cons.  Copper  Co. 

Hugo  B.  Hanser,  Muscle  Shoals,  Ala. 

Proposed  by  W.  8.  Larsh,  Lindsay  Duncan,  R.  E.  H,  Pomeroy. 

Bom  1880,  Brooklyn,  N.  Y.  1911,  Grad.,  Univ.  of  Nevada,  B.  8.  1911-12, 
Miscellaneous  employment  about  mines  and  mills,  Tonopah  and  Ooldfield,  Nev. 
1012,  Exploration  work.  Railroad  Valley,  Saline  Co.,  Nev.;  on  engr.  staff,  Nevada 
Cons.  C<mper  Co.,  Ruth,  Nov.;  Miner,  Giroux  Cons.  Mines  Co.,  Kimberly,  Nev. 
1012-13,  Roaster  dept.,  smelter,  Nevada  Cons.  Copper  Co.,  MoGill,  Nev.  1913, 
Engineering  Rochester  Dist.,  Nev.;  smelter,  Thompson,  Nev, ; Timberman,  Tonopah- 
Belmont  mmee,  Tonopah,  Nev.;  leasing  and  prospecting,  southwestern  Nev.;  ad- 
mitted to  Bar,  Nevada  Supreme  Court.  1914,  Timberman,  Tonopah -Belmont  Mine, 
Tonopah,  Nev.;  leasing,  Olinghouse  Dist.,  Nev.;  with  Nevada  Engineering  Works, 
-  Reno,  Nev.;  prospecting,  southern  Nevada.  1914-15,  Cyanide  plant,  Aurora  Cons. 
Mines  Co^  Aurora,  Nev.  1915-17,  Designing  Draftaman,  Nevada  Cone.  Copper  Co., 
McGill,  Nev.  1917,  Designing  Draftsman,  Nevada  Cons.  Copper  Coy_ Ruth,  Nev.; 
Mineral  exploration  work,  Irvmg,  N.  Y.  1918,  Engr.,  Const.  Dept.,  Public  Service 
Commission,  1st  Dist.,  New  York  City. 

Present  position:  Asst.  Master  Mechanic,  Plant  No.  2,  Air  Nitrates  Corpn. 

Kenneth  Conrad  Heald,  Washington,  D.  C. 

Proposed  by  David  White,  Philip  S.  Smith,  F.  L.  Ransome. 

Bom  1888,  Bennington,  N.  H.  1907-12,  Colorado  College,  B.  S.  1913-14,  Yale 
Univ.  1909-14,  Experience  in  examination  of  coal  and  oil  lands,  U,  9.  Geol.  Survey. 
1912,  Member,  Yale  Peruvian  Expedition.  1915,  Appointed  to  scientific  staff.  U.  S. 
Geol.  Survev.  1915-18,  In  charge  of  oil  and  gas  geoloKtc  investiffations.  Autnor  of 
report  on  oil  and  gas  geol.  of  the  Foraker  Quadrangle,  Ukla.,  BuU.  641-B;  a  report  on 
geologic  stmcture  of  northwestern  part  of  Pawhuska  Quadrangle,  Okla.,  BvU.  691-C, 
ajid  others. 

Present  position:  Associate  Geol.,  U.  S.  Geological  Survey. 

Archibald  Jones,  Pittsburgh,  Pa. 

Proposed  by  W.  R.  Ingalls,  A.  D.  Terrell,  Otto  Rissmann. 

Bom  1872,  Swansea,  Wales.  1891,  Grad^  Chem.,  Univ.  of  Mrginia.  1891-1004, 
Chem.,  Bertha  Zinc  Co.,  Pulaski,  Va.  1895-1907,  Chem.,  with  Charles  Catlett, 
Staunton,  Va.;  Virginia  Iron  and  Ry.  Co.,  Goshen,  Va.     1807-99,  Prospecting  in 
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Ark.,  built  dnc  euelt.  plant,  Sfkitdoval,  111.     1899-1908,  Ch«m.  and  Supt..  Lanyon 
Zinc  Co.,  William  Lanvon  Zinc  Co.,  Prime  Western  Spelter  Co.,  loin,.  Kan.     1908-15, 
Supt.,  Bartleaville  Zinc  Co.  ami  Lanyon  Starr  Ziiic  Co..  BnrtleM'illc,  Oklii,      1915-17, 
Oen'l  Mgr.,  Anierican  Zinc  &  C'hciiiicat  Co.,  Lanf!olotli,  I'li. 
Present  position:  Met.,  American  Steel  &  Wire  Co. 

Fred  Jonas,  Victor,  Colo. 

Propped  by  Thomas  B,  Crowe,  F.  L.  Smalc,  L.  W.  Lennox. 

Bom  1876,  Dallas,  Tex.  1900,  Grad.,  Colorado  School  of  Mines,  E.  M.  1900- 
03,  Surveyor,  Stratton  Min.  &  Dev.  Co.,  Victor,  Colo.  1903,  Surveyed  coal  lands. 
ditches  and  reservoir  sites  in  Colorado.  1903-06.  Asst.  Surveyor,  Portland  Gold 
Min.  Co.,  Victor,  Colo.  1906-07,  Asst.  to  J.  R,  Finlav  in  examinations.  1907-14, 
En(w.,  Portland  Gold  Min.  Co. 

Present  position — 1914  to  date:  Supt.,  Portland  Mine. 

Charles  A.  Kirtley,  Norfolk,  Va. 

Proposed  by  William  M.  Bradlev,  J.  M.  Callow,  Ernest  Gayfonl. 

Bom  1883,  Jackson,  Mich.  1905,  Grad.,  I'niv.  of  Chicago,  Ph.  B.  190.1-07. 
Assisted  S.  R.  Capps  in  field  work  for  the  "PleiBtocenc  of  the  l^advilk  Quadrangle" 
published  by  U.  S.  Geolopcal  Survey;  Scc'y  to  Mr.  White,  Robert  Keith  Co..  Kansas 
City,  Mo.  1907-09,  Mmer  and  sleam-ehovcl  man,  Utah  Copper  Co.,  Bingham 
Cons.  Co.  and  Centennial  Co.,  Eureka,  Utah.  1909-13,  Various  positions  in  subor- 
dinate and  full  charge  of  construction  work.  1913-14,  Asst,  Supt.  of  Construction 
and  Mill  Foreman,  Gold  Mountain  mines.  1914-17,  Specialty  salesman  with 
various  houses. 

Present  position — 1917  to  date:  Oiler,  L'ntted  States  Navy. 

Kenji  Kobayashi,  Hokkaido,  Japan. 
Proposed  by  mTS.  Hachita,  A.  C.  Stahl,  John  IJovd. 

Bom  1873,  Nagasaki,  Japan.  1902,  Grad.,  School  of  Mines,  Tokso  I'niv. 
1902-05,  Asst.  Supt.,  Mitsui  mines. 

Present  position — 1905  to  date:  Supt.,  Mitsui  Coal  Mine,  Noborikawa. 

Frank  Bvana  Lewis,  El  Paso,  Tex. 

Proposed  by  J.  L.  Bruce,  D.  Harrington,  Walter  E.  Burlinname. 

Bom  1880,  Denver,  Colo.  1887-97,  Public  Schools  and  Manual  TraininK  HiRh 
School,  Denver,  Colo.  1897-1901,  Colorado  School  of  Mines,  E.  M.  1902-06. 
Location  Engr,,  Colorado  Telephone  Co.  190ft-07,  Sampler,  surveyor,  assayer  and 
chem..  Southwest  Smelt.  &  Refin.  Co.,  Orosrande.  N.  M.  1907.  Ampler,  assayer. 
surveyor,  Japan-Flora  Co.,  Telluride.  Colo.  1908,  Sampler,  surveyor,  assayer. 
Tomboy,  Atlaa  and  Silver  Pick  mines,  San  Juan.  190iB-10,  Surveying,  location  work, 
Central  Colorado  Power  Co.  and  Denver  Reservoir  Irrigation  Co.  1911,  Mill  work 
and  amalgamator.  Revenue  Tunnel  Co.,  Ouray.  Colo.  1911-12,  Amalgamator  and 
Engr,,  Liberty  Bell  Min,  Co.  1912-16,  Engr  and  Acting  Mine  Supt.,  Mines  Company 
of  America,  Mexico.  1916,  Examinations,  scouting,  prospecting,  John  A.  Hassell, 
Los  Angeles,  Cal.  1917,  FloUtion  Research  Dept.,  Butte-Superior  Co.,  Butte,  Mont. 
1917-18,  Supt.,  Aztec  mines.  Maxwell  Land  Grant  Co, 

Present  position:  Mill  designer,  David  Cole,  El  Paso.    ■ 

Ralph  A.  Haver,  Hill  City,  S.  D. 

Proposed  by  H.  D.  McCa^ey,  Harvey  S.  Miidd,  Seeiey  W.  Mudd. 

Bom  1884,  Liverpool,  England.  1901-04,  Government  School  of  Mines,  Corn- 
wall, England,  E,  M.  1901-05,  London  Univ.,  London,  England,  B.  S.  1905-06, 
Royal  Scliool  of  Mines,  Freiberg,  Germany.  1908,  Associate  Member,  Royal  Society 
of  Arts,  London,  England.  1906-1 1,  Mine  Supt.  and  Asst,  i^pr..  Nova  Scotia  mines, 
Shamrock  mine,  Kerr  Lake  mine.  Porcupine  Success  gold  mines.  Ontario,  Canada. 
1911-15,  Consulting  work.  El  Paso,  Tex.,  covering  the  States  of  Chihuahua,  Sonora 
and  Durango,  Mexico,  1916-17,  Consulting  work,  l.os  Angeles,  Cal.  and  Oatman. 
Ariz.  1917-18,  Royal  Flying  Corps,  Canada,  honorable  discharge.  May  16,  I9JS, 
duo  to  serious  accident. 

Present  position :  Cons.  Engr.,  and  Engr.  in  charge,  American  Tin  &  Tungsten  Co. 

Fred  Howard  Mofflt,  Washington,  D.  C. 

Roposed  by  George  Otis  Smith,  PhiUp  S.  Smith,  David  White. 

Bom  1874,  Princeviile,  III.  1895,  Grad..  Williams  College,  B.  A.  1899,  Grad.. 
Ufayette  CoUege,  Pa,,  M.  A.  1902-03,  Columbia  Univ.,  N.  Y.  1899-1902,  In- 
structor in  mathematica  and  graphics.  Mm.  Engr.  Dept.,  I^fayett^  CoUege,  Easton, 
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Pa.     1895-1902  (Summers),  Field  Aaet.,  U.  S.  Geol.  Survey.     1003-10,  Asst.  Geol., 
V.  S.  Geol.  Survey, 

Present  position — 1910  to  dater  Geol.,  U.  S.  Geological  Survey,  Division  of 
AUskan  Mineral  R^aourcea.  Have  published  25  papers  on  the  geology  and  mineral 
resources  of  Alaska,  U.  8.  Ocol  Survey,  Butoins  247,  277,  374,  376,  417.  448,  498, 
533,  603,  675.  Cooperating  with  Major  Bagley  in  developing  a  method  of  roappanE 
hy  use  of  photograpns  taken  from  airplanes,  Topographic  Branch,  V.  S.  Geological 
Survey. 

William  BertolBtte  Plank,  Urbana,-  III, 

Proposed  by  E.  A.  Holbrook,  F.  W,  DeWolf,  Georse  8.  Rice. 

Born  1886.  MorRantown,  Pa.  1908,  Pennsylvania  State  College,  B.  S. ;  1909, 
E.  M.  1908-fl9,  Instr.  in  mineralogy  and  geology,  Pennsvlvania  State  College. 
1909,  Transitnian,  Pennsylvania  State  Highwav  Surveys.  1909-11,  Engrg.  Dept., 
Philadelphia  &  Reading  Coal  &  Iron  Co,,  Shamokin,  Pa.  1912-16,  Engrg.  Dept., 
Pittsburgh  Coal  Co,,  Pittsburgh,  Pa, 

Present  position — 1916  to  date:  Min.  Eng,,  U.  8.  Bureau  of  Mines. 

Ralph  Yates  Pool,  Lcadville,  Colo. 

Proposed  hy  Hugh  C.  Watson,  H.  L.  Brown,  John  H.  White. 

Bom  1882.  Summers,  Ark.  1903,  Grad.,  Univ.  of  Arkansas.  1903-05,  Conatr. 
and  operation,  G.  E.  Co.,  and  Metropolitan  St,  Rv.  Co.,  Kansas  Citv.  1906,  Design 
power  plants  and  apparatus,  T.C,  Hughes  and  E.  ll.Abadie,  1907,  Chief  Electrician, 
constr.  and  operation,  U.  8.  Reclamation  8er^'ice.  1908,  Chief  Electrician,  conatr. 
and  operation.  Gold  Prince  Min.  4  Mill.  Co.  1909-10,  Master  Mech.,  South  Canon 
Coal  Co.,   Southern   Colo,     1910-15,  Chief  Electrician,   Camp  Bird,  Ltd,     1916, 


Edwin  Weir  Smith,  Houston,  Tex. 

Proposed  bv  R,  A.  Conkling,  John  R.  8timan,  F.  B,  Plumroer, 

Born  1890,  Denison.  Tex.  Grad,,  Texaa  A,  and  M,  College,  B.  S.  1909,  Topo- 
grapher, M,  O.  &  G.  R,  R,  Survey.  1910-12,  Petroleum  Technologist,  E.  F,  Sunnea 
0^.,  Gulf  Coast  Fields.  1912-13,  Ch.  Engr.,  Freeport  &  Mexican  Fuel  Oil  Corpn., 
Tampico,  Mex.  1913-15,  Private  practice,  civ.  and  pet.  engr,  Tampico.  Mex. 
1915,  Investigations.  Coastal  fields.  1915-lfi,  Asst.  Engr.,  Wayaon  Co.,  Texas  Road 
Imp.  Diat.  1916,  Cons,  work  in  Mexico.  1916-17,  Cona.  work  and  investigations, 
California  and  Mexico,     1917,  Asst,  Engr,  Construction,  Camp  Logan. 

Present  position — 1917  to  date:  Asst.  Tech.  Supt,,  Texas  and  Louisiana  Division, 
Ro^na  Petroleum  Co. 

William  Corbit  Spruance,  Jr.,  Washington.  D.  C. 

Proposed  by  Knox  Taylor,  Frank  L,  Connable,  W.  H.  Buell,  John  H.  Hall. 

Bom  1873,  Wilminglon,  Del,  1890.  Friends'  School,  Wilmington,  Del.  1895, 
Grad,,  Princeton  I'niversitv.  E,  E,  1895-96,  Shop  student,  Westmghouse  Electric 
A  Mtg,  Co.,  Pittsburgh.  Pa.  1896-97.  Asst.  Engr,.  Wilmington  City  Electric  Co., 
Wilmington,  Del.  1897-1900,  Practicing  Cons,  Engr,  1900-01,  Mgr.,  Cellulose 
Products  Co,,  Boston,  Mass-  1901-03,  Cons,  Engr..  Wilmington,  Del.  1909-16, 
Light,  Heat  and  Power  Engr,;  manufacture  of  explosives,  Du  Pont  companies. 
1917,  Major,  Ordnance  Dept.,  U.  8.  R.,  duties  relating  to  military  powder  for  U.  8. 
Army,  Washington,  D.  C, 

ftesent  position:  Lieut, -Col.,  Ordnance,  National  Army, 

Hwry  D.  Trounce,  Camp  Humphreys,  Va. 

Proposed  by  Horace  W,  Edmondaon,  George  S.  Rice,  Jay  P,  Wood. 

Bom  1885,  ComwaU,  England.  1894-1904,  Christs  Hospital,  England.  1907- 
10,  Colorado  School  of  Mines.  1910-11.  Highway  constr,  aAd  min,,  Cal,  and  8.  D. 
1911-12,  Civil  Engre.,  private  practice.  San  Diego,  Cal.  1912-1.5,  Conatr.  Eng., 
reinforced  concrete  Driagea.  seawalls,  bidgs.,  etc.  1915-17,  2d  Lieut.;  1917,  1st 
Lieut.,  Royal  Engineers,  British  .\rmy,  in  trenches,  Flanders,  French  front. 

Present  position;  Capt.,  Engineers  Reserve  Corp. 

John  Ward  Williams,  Saltilto.Coah.,  Mexico, 
Proposed  by  P,  K,  Lucke,  C.  Q.  Schlereth,  E,  F,  Salisbury. 
Bom  1882,  New  York  Citv.     New  York  High  School.     Private  tuition,  Columbia. 
1902,  Miner,  Ariis.     1903-04,  Miner,  Cal.     1904-05,  Shift  Bosa,  Darien  Gold  Min.  Co., 
Panama,  C.  A.    1906,  Minor,  Col.  and  Calif.     1907-08,  Foreman,  Butters  Salvador 
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miaeB,  Salvador,  C.  A.  1909-10,  Timberman  and  Shift  Bobs,  various  parts,  U.  S.  A. 
IBIO,  Foreman,  Central  Eureka,  Cal.  1910-12,  Mine  Capt^  South  America  Dev.  Co., 
Ecuador,  S.  A.  1912-15,  Mine  Foreman,  Cia  Minera  de  Penolee,  Durango,  Mexico. 
1916,  Concrete  Foreman,  Lexington  Ave  Subway.  New  York. 

Present  position — 1915  to  date:  District  Supt.,  Cia  Mineralea  y  Metales,  Zaca- 
tecaB,  Mexico. 

Asaociatea 

H.  T.  Chang,  Pittsburgh  Pa. 

Proposed  by  8.  L.  Goodale,  Robert  M.  Black,  Roswell  H.  Johnaon. 
Bom  1893,  Hunan,  China.     1918,  Univ.  of  Kttsburgh,  M.  E.     1917  (1  Mo,), 
Aaat.  Chem.,  Crucible  Steel  Co.  of  America, 

Present  position:  Physical  Laboratory,  Union  Switch  &  Signal  Co. 

Maurice  Donovan  Cuiran,  Toledo,  Ohio. 

Proposed  by  W,  A.  Perry,  John  N,  Reese,  John  E.  Perry. 

Bom  1893,  Jobs,  O.  1914,  Grad.,  School  of  Minok  Ohio  State  Univ.,  E.  M. 
1914-16,  Learning  blast  furnace  business.  Burden  Clerk,  Foreman,  etc.  1915, 
Aast.  Ch.  Chem.,  Youngstown  Works.;  1916-16,  Ch.  Chem.  and  Supt.,  Beniol 
Plant,  YoufflMtown  Works;  19Ift-17,  Supt.,  Beniol  Plant,  Toledo  Worka;  1917-18, 


Clyde  Uarshall  Ney,  Globe,  Ariz. 

Proposed  by  D.  L.  Forrester,  Harold  S,  Duncan,  W.  G.  McBride. 

Bom  1889,  Franklin,  Ind.  1912-14,  New  Mexico  School  of  Mines.  1914-16, 
Texas  School  of  Mines,  M.  E.  1916-17,  Smelter  Foreman,  Braden  Copper  Co., 
Rancaqua,  Chile,  S.  A.  1917-18,  Transitman  (Underground),  Phelps-Dodge  Corpn., 
Tyrone,  N.  M, 

Present  position:  Stope  Engr.,  Old  Dominion  Copper  Co. 

Nelson  Howard  Partridge,  Denver,  Colo, 

Proposed  by  J.  A.  Porter,  Benjamm  B.  Lawrence,  Frank  L.  &tet. 

Bora  1868,  Boston,  Mass.  1890,  Grad.,  Williams  College,  A.  B.  1893,  Went 
to  Cripple  Creek,  Colo,  and  during  the  greater  part  of  the  time  since  have  been 
interested  in  the  buainess  of  mining,  leasing,  investigating  properties  and  acquiring 
interests  in  behalf  of  mysdf  and  of  societies  in  Colo.,  Anz.  and  Mexico.  1906-07, 
Was  one  of  the  owners  of  the  Planet  mine,  Yuma  County,  Arii.,  and  except  during 
the  summer  months  had  charge  of  the  development  work  there.  My  experience  has 
been  mainly  with  the  business  side  of  mining  and  such  limited  technical  knowledge 
as  I  may  have  has  beeti  acquired  in  connection  therewith  and  from  reading. 

Present  position;  As  above, 

Huold  Robert  Shidel,  Bartlesville,  Okla. 

Proposed  by  Everett  Carpenter,  L.  C,  Snider  Aleicander  W.  McCoy. 

Born  1894  Waukesha,  Wis.  1915,  Grad.,  Univ.  of  Utah,  Salt  Lake  City,  Utah, 
B,  S.  1915,  Min.  surveying,  Alta,  Utah,  1916-16,  Mine  and  mill  operation.  Col. 
Wall  mill  and  mine:  Jay  Gould  mine,  Bingham,  Utah.  1916-18,  Field  and  office 
geology.  Empire  Gas  &  Fuel  Co.,  BartleBville,  Okia. 

Present  position:  Geol.,  Empire  Gas  &  Fuel  Co. 

James  Sidney  Veatcb,  Denver,  Colo. 

Proposed  by  Cheater  A.  Hammill,  A.  E.  Anderson,  W.  S.  Dickson. 

Bora  1888,  Rookport,  Ind.  1903,  Grammar  school.  St.  Louia^  Ma  1903-07, 
High  School,  St.  Louis,  Mo.  1908,  Business  course,  St.  Louis  Business  College. 
1909-17,  Sales  force,  H,  W.  Johns-Manviilo  Co,,  Joplin  District,  Mo.  1917-18, 
Special  tuition  in  £3ect,  Engrx. 

Present  position— 1917  to  date:  Sales  Agent,  The  Ohio  Brass  Co.,  Mansfield,  Ohio. 

George  Frederick  Vivian^  Butte,  Mont. 

Proposed  by  Theodore  Smions,  C.  H.  Clapp,  Joseph  P.  Lyden. 

Bom  1896,  Butte,  Mont,  1917,  Grad.,  Montana  State  School  of  Mines,  E.  M. 
1918  (Jan.  to  April)^  Private,  Co.  A,  316th  Engrs.,  Camp  Lewis,  Wash.  1918  (M&y 
to  June),  Student,  Fourth  Engineers  Reserve  Officers  Training  Corps,  Camp  Lee,  Va. 

Present  poution:  Second  Lieutenant,  Fourth  Engineers  Training  Regiment, 
National  Army. 
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STANDING  COMMITTEES 
Executive 

SIDNEY  J.  JENNINGS,  CAairmon 

J.  £.  JOHNSON,  JR. 
ROBERT  M.  BAVMOND 

Memberahip 

KARL  EILERR,  Ckaim 


OEOaOE  D.  BARRON 
EDWIN  LUDLOW 


CHARLES  F.  RAND 


Finance 

OEOROE  D.  BARRON,  Chairm 

Library 

E.  QYBBON  SPrLSBURV.'  Chain 


BENJAMIN  B.  THAYER 


Papers  arid  Publicaiiima 
BRADLEY  STOUOHTON.  Chair mr. 


PERCY  E.  BARBOUR 

WILLIAM  A.  COWAN 

H.  C.  PARMELEE 

THOMAS  T.  READ 
J.  L.  W.  BIRKINBINE 
WILLI  A  M  H.  BLACVELT 
a.  A.  BRAS6ERT 
WILLIAM  CAMFBHLL 
R.  M.  CATLIN 

ALLAN  J.  CLARK  

FREDERICK  O.  COTTRELL    WILLIAM  KELLY 
KARL  EILERS  JAMES  F.  KEMP 

NATHANIEL  H.  EMMONS       CHARLES  E.LEITH 

JOHN  W.  FINCH 

CHARLES  HFTLTON 
F.LYNW0ODGARRI8ON  _        _     _ 

ROBERT  C.  OEMMELL  PAUL  D.  MERICA 


ANTHONY  F.  LUCAS 


r,  QILLBTT 


1.  DAWSON  HALL 


RICHARD  MOLDENKE 


EDWARD  W.  PARKER 


JOSEPH  W.  RICHARDS 
GEORGE  C.  STONE 
SAMUEL  A.  TAYLOR 

NATHANIEL  K.  B.  PATCH 
R.  M.  RAYMOND 
ROSSITER  W.  RAYMOND 
ROBERT  H.  RICHARDS 
L.  D.  RICRETTS 
HEINRICH  RIES 
RENO  H.  SALES 
ALBERT  SAUVBUR 
HENRY  L.  SMYTH 
A,  A.  STEVENSON 
RALPH  H.  SWEETSER 
GEORGE  D.  VAN  ARSDALE 
ARTHUR  L.  WALKER 
ROLLA  B.  WATSON 
HORACE  V.  WINCHELL 
FREDERICK  W  WOOD 
DWIGBT  E.  WOODBRIDQE 


T.  BRCNTON 


C.  H.  MacDOWELL 


InaHlule  of  Melalt  tHnaion 

WILLIAM  M.  CORSE,  Chairman 
..  WOLF,  SecreUrv.  Ohio  Bnw  Co,,  Muufield,  Ohio 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

NetB  York 

MeeU  firat  Wedimdar  slt«r  litM  Tuesday  of  each  month. 

[.EN  H.  ROOERS,  Chairman  H.  C.  PABMELEB,  Viri^ekairma,, 

FOREST  RUTHERFORD,  Viet-chairman 

W.  S.  DICKSON,  Swreta™,  71  Broadway,  New  York,  N.  Y. 

i.  JOHNSON,  Jt  F.  T.  RUBIDGE  P.  G.  SPILSBURY 

Boston 

Meets  fli*t  Monday  o[  each  wiolcr  month. 

"Ige.M 

;ED  W.  DENTON 


ALFRED  C.  LANE, 
R.  L.  AOASSiZ 


ColunJtia 


a  iniioDB  duiisA  year.     Anmi 
ARMSTRONG,  SMrctav-rr* 


•UntUFkib.,  IB30 


il  meetlDK  in  September  oi 

J.  C. 

MFtr,  720  Peyton  Bldf.,  S 

•Until  Feb.,  1931, 
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HENRY  LANDEB.  CAdimun 

PERCY  E.  WRIGHT,  SJcriWTB-TrM  _  _ _ 

BIMON  H.  ASH.  CHARLES  SIMENSTAP 

Souihem  California 

RALPH  ARNOLD,  CWrnun  WQXIAM  F.  STAUNTON,  Vut-dairman 

ALVIN  B.  CARPENTER,  StentarvTiKuurer,  530  Citiieni   Natioiul  Bulk  BIdg,.  Los  Angcln,  Col. 
A.  B.  W.  HODGES  XESLIE  C.  MOTT 

C,  COLCOCK  JONES  JAMES  W.  NEIt.L 

Colorado 
CHARLES  M.  MacNEILL.  Chairmati  GEORGE  M.  TAYLOR,  lire rkurnaii 

FRED  CARROLL.  SirrtlaTv-TrramiTrr.  State  CbdIIoI.  Drnnr.  Colo. 
W.  W,  CASE  H.  E.  COU.BRAN- 

Montana 

N.  B.  BRALY.  CAatrman  B.  H.   DUNSHEE,   Virt-i-Kaiimai, 

_    „,a,^j.r«„„rfr,  B!6  Hennwy  Building,  Bullc,  Mont. 

C.  D.  DEMOND 
iSan  Fra7tci»co 
Mti  HnoDd  Tunday  ol  each  month. 

_ROY  H;  ELLIOTT,  r(«-tAair. 
T.A.  RICKARD"""'"  '''''^''    '"'™°™"'"""'"'  """  "'" 

Penn»ylvania  Anthracite 

R.  V.  NORRL"*.  r. 

"PAUL  STERLTNGrSwUricrrf Oram.  Lthigh  Valley  Coal'Co'.' 

DOUGLAS  BUNTING  '  "      ' 

JOHN  M,  HUMPHREY 

SI.  LouU 

EUOENE  McAULIFFE.  Chaitman  1.  N.  HOUSER.  Vio-clunrmim 

VICTOR  RAKOWSKY.  Via-chairnan  H.  G.  WASHBURN,  Vire-diairmat 

WALTER  E.  McCOURT.  .Scoytari,-TVea.urer,  W«»hin«lon  Univ.,  .SI,  Louie.  Mo. 
H.  A.  BUEHLEK  O.  H.  COX  I,  C.  GLENN 

E.  A.  HOLBROOK  W.  E.  NEWNAM 

Ckieaoo 
CHARLES  H.  MacDotbll,  CiUiman  .LUTHER  V.  RICE,  yitr-duiirmaa 

HENRY  W.  NICHOLS.  SeeraarvTreanrer,  Fldd  MuKum  of  Natural  Hiatory,  Chicaso,  III. 
ALEXANDER  K.  HAMILTON  G,  P   HULST 

HENRY  P.  HOWLAND  FREDERICK  T  SNYDER 

Utah 
WILLIAM  WRAITH,  CAaiVmon  CECIL  FITCH.  Virfdiairmait 

P.  O.  MOSES.  StnttaryTrtaiurrT.  Univenily  of  Utah,  Bait  Lake  City.  Ulab. 

ERNEST  GAYFORD  E.  R.  ZALINSKI 

Arizona 

L.  O.  HOWARD.  Chairmafi 
NORMAN  CABMICHAEL,  Ul  Via-cltairman 

H.L.  NORTON,  SfrTt(artTwo.iii 
1,.  S.  GATES  F.  W.  MACLENNAN 

Nevada 


J.  C.  JONES,  Viff^Aoitman 

'     ■  nidg,.  Reno,  Nf». 

C.  B.  LAKENAN 
WHITMAN  SYMMES 


ALF.  Q.  HEOGEM,  Ckajrnan  ALEXANDER  DEUSSEN    1 


IRVING  PERRINE  J.  J.  RUTLEbOE  S.  H.  WORRELL 


CHARLES  H.  TAYLOR.  V 

ERASMUS  HAWORTH.  Vice-ckt,if 

rLESoE"""''   "    ■ 
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IPoaAinflton,  D.  C. 

HERBERT  C,  HOOVER,  C 

H.  FOSTER  BAIN,  Vice-d^irman 

HARVEY  S,  MUDD.  StcrctarK-Trtatur^.  I 
J.  F.  CALLBHEATil  HE\.\EN  JENNINGS 


DAVID  WHITE.  Vict-ehairman 
2IU,  Dept.  of  lateiior  BUf. 
E.  W,  PARKER  T.  T.  READ 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 
STUDENT  SOCIETIES 

CHARLES  H.  FUl.TON.  Chairman 


Vice-ckainnen 


EDWIN  C.  HOLDEN 
FREDERICK  W.  SPERR 
WALTER  R.  CRANE,  Sm 


LUTHER  W.  BAHNEY 
DARSIE  C.  BARD 
ROBERT  H.  BRADFORD 
SAMUEL  W.  BEYER 
GUY  H.  COX 
JOSEPH  DANIELS 
NOAH  F.  DRAKE 
FRANK  W.  DURKEE 


niylYaniB  Stale 
HOWARD  ECKFELDT 
DAVID  M.  FOLSOM 
R.  R.  GOODRICH 
CHARLES  E.  LOCKE 

JAMES  F.  McClelland 

HARRY  B.  MELLER 
WALTER  3.  MORLEY 
HENRY  R.  MUNROE 


GEORGE  I.  YOUNG 

l^nlleiF,  SUte  Collete.  Pm, 
CHARLES  J.  NORWOOD 
H.  C.  PARMELEE 
GEORGE  3.  RAYMER 
HEINRICH  RIE3 
HENRY  L.  SMYTH 
HARRY  H.  8T0EK 
FRANCIS  A.  THOMSON 
CLINTON  M.  YOUNG 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

J.  V.  N.  DORR,  Cluirman 
FOREST  RUTHERFORD,  P.>«  Vict-ekairman 
H.  C.  PARMELEE,  S'O-ftarg,  Chtm.  *  MH.  Eng..  lOth  Ave.  A  36th  St.,  New  Yo 


Vice-chairmtn 


P.  M.   McHUGH 
H.  L.  WILLIAMS 
DWIOHT  E.  WOODBRIDGE 
R.  B.  WOODWORTH 


i  L.  ANTISELL 

C.  E.  ARNOLD 
FRANKLIN  BACHE 

D.  C.  BARD 
LOUIS  V.  BENDER 
SAMUEL  W,  BEYER 
NORMAN  B.  BR.U.Y 
G.  S,  BROOKS 
ALAN  BRUYERE 
FRANK  BfLKLEY 
FRED  CARROLL 
THOMAS  H,  CLAGETT 
G.   M.  COLVOCORBSSES 
ARTHUR  CROWFOOT 
H.  W.  Dtf  BOIS 

J,  A.  EDB 
L.  V.  EMANUEL 
NEWTON  W.  EMMEN.t 
J.  N.  E3SELSTYN 
ERNEST  GAYFORD 
H.  W.  UARDINGE 


CommiUee 
ENOCH  HENDERSON 
HERBERT  B.  HESEGAR 
FRANK  R.  HEWITT 
JOSEPH  T.  HILLER 
C.  B.  HOLLIS 
T.  A.  JANNEY 
ZAY  JEFFRIES 
OL.\F  P.JENKINS 
FRANK  G.  JEWETT 
ARTHUR  G.  JOHNSON 
F.  F.  JORGENSEN 
C.  B.  LAKENAN 
LEONARD  LARSON 
E.  T.  LEDNVM 
CHARLES  LECRAND 
EUGENE  McAlT-IFFE 
ROBERT  MrCART,  Jn. 
JOHN  H,  McCHRYSTAI. 
W.  E,  McCOURT 
V.  H.  MrNUTT 
T.  W.  MATHER 


E.  P.  MATHEW80N 
T.  POOLE  MAYNARD 
H.  W.  MORSE 
HENRY  W.  NICHOLS 
C.  C.  O'HARRA 
PRANK  H.  PROBERT 
JOSEPH  W.  RICHARDS 
OTTO  RISSMANN 
W.  W.  ROSE 
FRANK  L.  SIZER 
LEWIS  STOCK ETT 
WALTER  G.  aWART 
ARTHUR  M.  BWARTLEY 
ARTHUR  F.  TAGGART 
JOHN  C.  TAYLOR 
WILLIAM  D.  WALTMAN 
JESSE  B.  WAHRINER 

E.  R.  WASH 

W.  Y.  WBSTERVELT 

F.  R.  WICKES 
BERKELEY  WItXIAMS 
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INSTITUTE  REPRESENTATIVES 

Untied  EngiMering  SoeUty  Truateea 
CHARLES  F.  HAND'  W.  L.  fiAUNDERSi  BENJAMIN  B.  TBAVER- 

BjiffineenTm  Foundatwn 

H.  M.  RAYMOND'  J.  W.  RICHARDS  BENJAMIN  B.  THAYER' 

Library  Board,   United  Engineering  Soci^y 

E.  OYBBON  SPIL8BURY' 
BRADLEY  8TOUOHTOK  GEORGE  C.  8TONE> 

John  FriU  Medal  Board  ttf  Atvord 

C.  R.  CORNING'  E.  GYBBON  SPILGBURY< 

CHARLES  F.  RAND'  BENJAMIN  B.  TRAY£R> 

Bngineeriiig  Council 

J.  PARKE  CHANNINC  B.  B.  LAWRENCE' 

B.  J.  JENNINGS'  P.  N.  MOORE<  EDWIN  LDDLOW 


Commillee  on  Mining  Lavi  Reoinon 
JAHES  R.  fINLAY  HENNEN  JENNINGS 

D.  C.  JACKI.ING  EDMUND  B.  KIRBY  C.  F.  KEIXEY 


Naval  Consulting  Board 


WILLIAM  L.  SAUNDERS  BENJAMIN  B.  THAYER 

A-odait  Mmhtr, 

FRANK  B.  OEARHART  J.  C.  RALSTON 

}.  C.  GREENWAY  CHARLES  F.  RAND 

a.  K.  BATCHELLER  LAFAYETTE  HANCHETT         FRANK  D.  RASH 

PHILIP  R.  BRADLEY  C.  B.   HOLLIS  R.  H.  RICHARDS 

J.  L.  BRUCE  GEORGE  P.  HUL3T  C.  ft  ROBINBON 

D.  W.  BRUNTON  FRANK  L'.  Hl'MBERT  WALTER  M.  BAUNDERS 

ALLAN  J.  O^RK  HENNEN  JENNINGS  E.  A.  8AYRE 

F    K.  COPELAND  B.  W.  McCALLIE  H.  L.  SCAIFE 

B.  F.  CHE3SON,  Jb  A.  J.  McQUATTERS  A.  M.  8WARTLEY 

ROBERT  N.  DICKMAS  C.  W.   MERRILL  PRIESTLEY  TODLMIN 

M,  M.  DDNCAN  P    N.  MOORE  W.  E.  TRENT 

T.  C.  OU  PONT  P.  W.  ONEIL  M.  M.  VALERIUS 

STANLY  A.  EASTOX  WALTER  T.  PAGE  W.  D.  WALTMAN 

W.  E.  C.  BUSTIS  W.  H.  PEIRCE  I,  C.  WHITE 

J.  R.  rOHDYCE  JOSEPH  H.  PRATT  ELI  WHITNEY 

H.  V.  WINCHELL 


ROBERT  W.  HUNT" 


'  Until  F*b.,  1010.         >  Unlil  Feb.,  1020.         •  Uotil  Psb.,  1921.         '  UirtOflk,  im 
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American  Institute  of  Mininq  Engikbbrb 
PtotrAmtriean  Enfineering  Commitlt« 


CommitUe  on  Military  EnfpTitering  of  New  York 
J.  PAKKE  CHANNINO  CHARLES  F.  RAND 

ARTHUR  8.  DWTQHT  L.  D.  RICKETT8  WILLIAM  H 

ALEX  C.  HUUPHRBYS  WILLIAM  L.  eAUNDBHa 


COMMITTEE  ADVISORY  TO  THE  V.  8.  BUREAU  OF  MINES 


BliOriatv  in  ifuMne  Miiu  Jxf>to<i«u  MtM  Subiidtnei 

WILLIAM  KELLY  H.  M.  CHANCE  JAMES  T.  KEMP 

THOMAS  B.LEOaETT  PRANKHAAS  R.  V.  NOSRIS 

SAMUEL  \.  TAYLOR  CARL  8CHOLZ  CHARLES  K.  LEITH 


COMMITTBE  ADVISORY  TO  THE  U.  S.  BUREAU  OP  STANDARDS 

Coppn-.'  F.  L.  ANTISELL 
Ltad!  ARTHUR  8.  DWIQHT 
Nictit:  JOHN  P.  TBOMPSON 


COMMITTEE  ADVISORY  TO  THE  U.  8.  TARIFF  COMMISSION 

PfTimt  Mfelalt  Notrttrr-M  UttaU 

:.  E.  JOHNSON,  Jb.  HERMAN  OARLICHS 

H.  D.  HIBBARD  F.  LYNWOOD  QARRI80K 

RICHARD  FETER8,Js.  FOREST  RUTHERFORD 


WAR  MINERALS  COMMITTEE 

WILLIAM  YOUNO  WESTERVELT,  Clairmaa. 

Rspreuatini  A.  I.  M.  E.,  ud  M.  nod  M.  S«.  of  Am. 
ALFRED  a  WHITE,  Simtarv. 

RepreKDtiBi  U.  6.  Bureau  o(  Mines 
W.  O.  HOTCHKiaS, 

RspmKntiDc  Avodklioii  ol  Amariesn  State  QaologliU 
DAVID  WHITE, 

RepreHBtloc  U.  B.  Geobgical  Biirv<v 
HARVEY  S.  MUDD,  Atit.  Secrtlart 

AsMTinte  Members  from  the  A.  I.  M.  B. 

S.  W.  McCALLIE  CHARLES  BIMEN3TAD 

FRED  CARROLL  WHiET  Q.  MILLER  H.  H.  STOEK 

N.  F.  DRAKE  EDMUND  NEWTON  JOSEPH  H.  TAYLOR 

R.  D.  QEOROB  H.  L.  NORTON  ARTHUR  L.  WALKER 

E.  A.  HOLBROOK  WILLIAM  C  PHALEN  THOMAS  L.  WATSON 

EDWIN  LUt««W  T.A.RICKAR5  p.  B.  YOHNQ 

DigmzeflbyGoOgle   ' 
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TECHNICAL  COMMITTEES 
/ron  attd  Steel 


SCB-COMUITTEBS 


WILUAM  H.  BLAUVELT 


WILLIAM  KELLY 


CHARLES  F.  RAND 


BLAST  FURNACES 
H.  A.  BR  ASSERT,  Cliairman 

AMBROSE  N.  DIEHL  JAMES  QAYLBY 

RICHARD  V.  McKAY 


STESL  WORKS 
HENRY  D.  HIBBARD 

c.  r,  w,  Rvs 


Chairmm 

J.  S.  UNQER 
WILLIAM  R.  WALKER 


CHARLES  A.  BUCK 


FREDERICK  W.  WOOD 


JOHN  H.  HALL 


RALPH  ARNOLD.  Via- 
WILUAM  N.  BEST,  Yi 
EDWIN  T.  ODMBLE.  1 

ARTHUR  F.  L.  BELL 
FREDERICK  Q.  CLAFF 

EUOErne  coste 

DAVID  T  DAY 
ALEXANDER  DEUS8EN 


RICHARD  MOLDENKE.  Chairt 


ENRIQUE  TOCCEDA 


Y,  PHYSICS,  AND  MBTALLOGRAPHY 
HERBERT  M.  BOYL8TON,  CAoirmon 

JOHN  A.  MATHEWS  ALBERT  3AUVEUR 

E.  GYBBON  SPILSBURY  LEONARD  WALDO 

WILLIAM  R.  1 

Felmleum  and  Gaa 

ANTHONY  F.  LUCAS,  Chairman 

MARKL.  REqUA.FirtI  Vict-dim 
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American  Institute  of  Mining  Engineers 


APPUCATION 


residing  aL~ 


.n  Kddi«(  ftt  whiofa  y<ni  may  be  rcaobed  durlnc  tha  next  lour  moDthi) 

,     f  admitted     1  

to  be  I  ,         y  as in  the  American  InattliUe 

[  transferred  J  (Mfmlwi;  AnocUtei  Jud.  Ahw.) 

of  Mining  Engineers,  and  submit  the  following  as  my  professional  record: 
I  was  bom  at . ^ on. . 


and  am  a  ciiizen  of— 


I  was  edruxUed  at  { 

(AtachoinlsducBtiD 
uotrequkitelor 
membenbip,) 


/  graduaied  in~ - .,  and  received  the  degree  of— 


If  j'ou  «igh  the  Inttituta  to  kou»  the  oeoeauy  ■iinaturta  picue  cive  beloir 
the  namn  of  it  leut  five  membsn  or  aHociola  witb  whom  you  are  nc- 
quvi]t«d.     A  lilt  of  mcDLbvn  will  be  seat  on  application. 

7  refer  to  the  following  Members  or  Associates 


Oln  tbe  DuMa  ol  at 
leut  flvs  M«mben  ot 

Thia  ioformalioD  need 
■.egi«n  it  three 


The  initiation  fee  tor  Memben  and  Aiaooiats  ia  SIO.  In  addition  to  which 
the  aonual  dunfor  Ihe  current  fBlendai  year  are  fia.  The  yearly  dues  ot 
Junior  Memben  itre  IS.  and  they  p*y  no  initlAtion  fee  until  trinaferred  to 
another  grade  of  metnbetahip.  The  annual  duca  tiw  the  ounent  yaar  are  p«fB- 
ble  upon  election. 


REQUIREIIlEEHTS  FOR  UEEMBERSHIP 

Extract  From  CoDititutlon 


All  membere  shall  be  equally  entitled  to  the  privileges  of  memberBhip,  excepting 
that  Honorary  Members,  Junior  Associates,  and  Members  and  Associates  whose 
residences  shall  be  outside  of  the  United  States,  Mexico^  and  Canada,  shall  not  be 
entitled  to  vote.  Members  and  Associates  residing  within  the  United  Stat«fl  of 
America,  Mexico,  and  Canada,  and  not  in  arrears  for  dues,  shall  be  entitled  to  vote  in 
person  at  the  meetings  of  the  Institute,  or,  as  hereinafter  provided  for,  by  letter 
ballot. 

Sec,  2.  MEMBERS  shall  comprise  all  those  persona  vho  on  the  third  Monday 
of  February,  1918,  were  members  of  the  Institute,  and  in  addition  thereto,  all  those 
thereafter  elected  or  transferred  into  the  class  of  Members. 

MEMBERS  must  be  at  least  27  years  of  age  and  must  have  had  at  least  six  yeata' 
employment  in  the  practice  of  engineering,  mining,  peology,  metallurgy  or  chemistry, 
during  at  least  three  years  of  which  they  must  have  neld  positions  of  responsibility  m 
one  or  more  of  these  fields. 

Graduation  from  the  scientific  course  of  a  collie,  approved  by  the  Committee  on 
Membership,  H^^pll  be  considered  equivalent  to  two  years'  employment,  as  required 
in  the  previous  sentence. 

Employment  as  a  teacher  of  engineering,  mining,  geology,  metallurgy  or  chemistry, 
if  in  direct  charge,  may  be  considered  a  position  of  responsibility  as  specified  in  the 
second  preceding  paragraph. 

Persona  employed  in  research  or  any  scientific  literary  work  or  in  teaching  in  the 
scientific  departments  of  colleges,  approved  by  the  Committee  on  Membership,  who 
at  the  same  time  are  engaged  in  consulting  or  in  the  active  practice  of  mining,  geolc^y, 
or  metallurgy,  shall  be  entitled  to  consider  the  time  so  spent  in  active  practice  as 
equivalent  to  an  equal  ler^th  of  time  of  employment  in  positions  of  responsibility, 
provided  the  work  oone  or  the  positions  held  seem  to  the  Committee  on  Membership 
to  warrant  the  equivalency. 

The  requirement  of  three  years'  employment  in  positions  of  responsibility  may  be 
waived  by  the  Committee  on  Membership  in  the  case  of  persons  who  have  done  notable 
original  work  in  mining,  geology,  or  metallurgy,  or  have  won  distinction  by  research  or 
investigations  in  one  or  more  of  these  subjects.  By  investigation  or  research  18 
understood  laboratory  experimentation  as  distinct  from  investigations  in  literature 
or  compilations  of  the  work  of  others. 

ASSOCIATES  shall  be  those  who,  in  the  opinion  of  the  Committee  on  Membership  , 
and  the  Board  of  DirectorB,  are  suitable  for  such  election  or  transfer  by  reason  of  their 
interest  in  or  connection  with  mining,  geology,  metallurgy,  or  chemistry. 

JUNIOR  ASSOCIATES  shall  comprise  all  students  in  good  standing  in  ei^ineer- 
ing  schools,  who  have  not  taken  their  degrees  and  are  nominated  by  at  least  three 
members,  two  of  whom  must  be  their  instructors.  A  Junior  Associate  may  remain 
such  not  longer  than  five  years  after  leaving  the  engineering  school,  at  the  end  of 
which  period  his  qualifications  to  become  a  Member  or  Associate  must  be  passed 
upon  by  the  Committee  on  Membership.  If  elected  he  shall  pay  at  that  time  the 
entrance  fee  and  dues  of  a  Member  or  Associate. 

In  case  there  is  any  question  as  to  the  classification  of  a  candidate  the  Committee 
on  Membership  may  require  from  him  any  evidence  he  desires  to  present  and  the 
decision  of  the  Committee  as  to  the  proper  status  shall  be  final. 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Associate  must  be 
proposed  for  election  by  at  least  three  Members  or  Associates,  must  be  approved  by 
the  Committee  on  Membership,  as  prescribed  in  the  By-Laws,  and  must  be  elected 
by  the  Board  of  Directors- 


THS  HETALLOOBAPHT   OF  TCNOSTEIT 


The  Metallography  of  Tiu^sten 

Discussion  of  the  paper  of  Zat  Jeffries,  presented  at  the  Colorado  meeting,  Sep- 
tember, I9IS,  and  printed  in  BulkHn  No.  138,  June,  1918,  p.  1037. 

Sib  Robert  Ha^opibld,  London,  England  {written  discussion*). — We 
have  in  the  past  known  so  little  about  tungsten  that  an  important  paper 
such  as  Mr.  Zay  Jeffries  contributes  is  most  welcome. 

I  have  not  much  personal  knowledge  on  the  subject  except  as  regards 
combinations  of  iron  with  tungsten.  I  put  forward  the  results  of  my 
research  on  natural  alloys  in  1903,'  and  so  far  as  I  know  the  facts  there 
presented  still  stand. 

Singular  to  say,  tungsten  added  to  iron  affects  the  electrical  resistance 
less  than  any  other  added  element.  The  following  t-ables  taken  from 
research  work  by  myself  and  Sir  William  Barrett  may  be  of  interest. 

Table  1. — Approximate  Specific  Electrical  Resistance  of  Iron  AUoys  at 
Different  Percentages  of  the  Added  Element 


AUor  at  Iron 


PfiiMntaBB  ol  Added  E 


TungBteti 15.5 

Nioke! I  19.0 

Chromium I  .... 

Manganese :  23 . 6 

Silicon .... 

Alununium \  27.0 


23.0 

25  0 

27-0 

24.0 

26.5 

29-0 

31,0 

34,0 

39-0 

46.0 

53-5 

69.0 

48,0 

57.0 

74.0 

Table  2. — Increase  in  Specific  Electrical  Resistance  (Microhms  per  Cubic 

Centimeter  at  18°  C.)  Produced  in  Iron  of  Corresponding 

Purity  by  Allaying  It  with  Various  Percentages 

of  the  Elements  Named 


AUoy  ol 

Iron  with 

2  Per  Can  I. 

1  Per  Cent, 

H  Per  Cent, 

Tungsten 

4,0 

5,5 

6.0 

Nickel 

6  5 

1       10.0 

12,6 

Cbromium 

1       12.0 

14.0 

Manganese. .  - 

15,0 

!      21.0 

26.0 

Silicon 

'      41  0 

55  5 

Aluminium 

25.5 

1      44.5 

61-5 

•  Received  Aug.  13,  1918. 
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The  following  is  the  summing  up  of  our  results:  Selecting  the 
middle  column  of  figures  and  dividing  it  by  4,  we  get  the  increase  of  re- 
sistance produced  by  the  addition  of  1  per  cent,  of  the  element  in  an  alloy 
containing  about  4  per  cent,  of  the  added  element.  This  is  shown  in 
the  next  table,  and  side  by  side  are  shown  the  specific  heat  and  the  atomic 
weight  of  the  elements  named  in  the  first  column. 
Tabls  3 


Iron  Anoyed 

rith 

1  PwCeot. 

BpmiBg  HMt 

« 

IHmgitea , . . 

1.1 

0.035 

184 

CoWt 

2.2 

0.107 

SB 

Nickel 

2.6 

0.100 

59 

CbronuiUD . . 

8.0 

O.l(T) 

52 

MBnganese.. 

5.2 

0.122 

55 

Silicon 

10,3 

0.183 

28 

U.l 

0.212 

Electrolytic 

Zinc 

Discuanon  of  the  paper  o(  C.  A.  Hanobn,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BuUelin  No.  135,  March,  1918,  p.  615. 

J.  L.  McK.  Yahdlkt,*  Pittsburgh,  Pa.  (written  discussiont). — It 
is  interesting  to  observe  how  closely  Mr.  Hansen  agrees  with  other  in- 
vestigators to  the  effect  that  the  art  of  electrolytic  zinc  has  left  the  realm 
of  mystery.  In  his  introduction,  he  has  said  practically  what  Thomas 
French  said  in  his  paper  "The  Future  of  Electrolytic  Zinc."' 

The  succeasful  electrolyeie  of  line  from  sulphate  Bolutiona  has  not  been  an  easy 
matter,  and  it  is  only  within  recent  years  that  the  difficult  problem  of  depositing 
high-grttde  dnc  has  been  satisfactorily  accomplished  on  a  commercial  basis.  The 
principal  requisite  is  that  the  electrolyte  shall  be  quite  (ree  from  certtun  impurities. 
The  methods  by  which  freedom  from  theae  impurities  is  assured  are  now  very  well 
understood,  and  with  experienced  euperintendenU  there  is  little  difficulty  in  obtaining 
a  high  efficiency  in  that  part  of  the  process. 

When  certain  underlying  principles  are  recognized,  the  difficulty  encountered  in 
dealing  with  the  filtration  of  the  acid  and  slimy  solutions  also  largely  disai^pears, 
although  it  has  been  a  very  serious  one  to  the  uninitiated.  In  the  dissolving  of  the 
sine  from  the  roasted  ore,  there  is  nothing  which  any  competent  chemical  engineer 
cannot  undertake,  and  any  other  operations  connected  with  the  electrolytic  pioceas 
are  either  of  little  or  no  difficulty,  or  are  common  to  the  retort  process. 

Mr.  Hansen  also  agrees  with  R.  G.  Hall's  statement  in  "Some  Eco- 
nomic Factors  in  the  Production  of  Electrolytic  Zinc:"* 

•Gen.  Engr.,  Westinghouse  Electric  and  Manufacturing  Co, 
tReceived  Aug.  10,  19IS. 

'  Trant.  Am.  Electrochem.  Soc.  (1917),  93,  321. 
•  BiiU.  129  (Sept.,  1917),  129*.     Trans.  (1918),  67,  709.  ^~  t 


BLBCTROLTTIC  ZINC  1529 

llie  iiequuemaat,  &nd  I  use  it  in  the  nngular,  for  the  electrolTBie  of  zinc  is  lino 
sulphate,  &nd  lino  nilphate  only.  Most  other  elementa  found  in  the  solution  are 
harmful  to  the  electrolysis  of  linc  sulphtite.  I  have  never  found  any  that  I  could 
confidently  say  were  beneficial.  ThxR  requirement  seems  relatively  simple,  but  when 
it  is  undeiatood  that  this  process  is  to  be  appUed  to  such  a  complex  of  ore  minerals  as  is 
indicated  above  in  the  review  of  ore  deposits,  it  will  be  underatood  that  the  production 
of  line  sulphate,  pure,  of  the  standard  strength,  is  not  the  eaaieBt  problem  in  the  world. 
And  yet  it  is  only  this  problem  that  has  stood  in  the  way,  for  all  time  past,  of  thd 
manufacture  of  sine  electrolytically.  All  of  the  factors  necessary  to  the  production 
of  a  soUd  coherent  plate  of  electrolytic  rinc  were  known  long  ago,  but  it  is  only  recently 
that  we  have  been  able  to  produce  this  pure  mm  sulphate  on  a  commercial  basis  and  in 
large  quantities,  and  h^ve  been  able  to  obtain  the  electric  current  at  such  a  cost  as 
to  make  the  production  of  electrolytic  linc  a  commerci&l  possibility. 

While  it  ifl  doubtful  that  these  gentlemen  would  agree  concerning 
the  moBt  desirable  methods  for  carrying  out  all  the  varioua  parts  of  the 
process,  it  is  noteworthy  that  they  agree  concerning  the  essentials  in- 
volTed,  Perhaps  their  differences  regarding  details  would  not  be  so 
much  of  fact  as  of  experience.  The  important  point  is  that  there  are  at 
least  three  plants  in  the  United  States  at  which  electrolytic  zinc  is  being 
produced  commercially  from  ores  of  widely  different  origin  and  composi- 
tion, by  processes  the  developments  of  which  have  been  practically 
contemporaneous  and  independent. 

The  Roasting  Problem 
Both  Mr.  Hall  and  Mr.  French  have  given  ua  rather  more  than  a 
hint  as  to  what  the  problem  in  roasting  has  been.  The  particular  factor 
that  interfered  with  the  highest  recovery  when  the  roasted  ferruginous 
ore  was  leached  with  sulphuric  acid  was  the  formation,  in  the  roaster, 
of  a  complex  compound  of  zinc  and  iron  which  is  insoluble.  It  devel- 
oped that  the  production  of  this  material  was  largely  due  to  roasting 
at  too  high  a  temperature.  Mr.  Hall  mentioned  that,  "  In  roasting  Colo- 
rado oree  for  the  production  of  spelter,  the  writer  has  found  as  much 
as  one-third  of  the  total  zinc  in  such  ore  to  be  insoluble  in  a  relatively 
strong  solution  of  sulphuric  or  hydrochloric  acid."     Mr.  French  stated:* 

With  proper  adjustment  of  the  roasting  furnace  conditions,  it  is  not  difficult  to 
obtain  extractions  of  90  per  cent,  of  sine  from  ores  containing  12  to  25  per  cent,  sine, 
and  in  the  latt«r  case  with  as  much  as  25  per  cent,  of  iron.  As  far  as  the  author's 
experience  goes,  furnaces  of  the  Wedge  and  HerreshofT  type  are  admirably  adapted 
to  the  roasting  of  this  class  of  ore.  A  large  Wedge  furnace,  with  7  hearths  and  a  diame- 
ter of  2214  ft.  (6.8  m.)  is  capable  of  roasting  about  l>i  tone  of  this  ore  per  hour,  with 
unskilled  labor,  and  gives  a  more  satisfactory  product  than  the  smaller  hand-rabbled 
furnaces.  After  roasting  zinc  concentrates  containing  45  per  cent,  of  sine,  thcie  is 
little  difficulty  in  extracting  as  much  as  95  to  97  per  cent,  of  the  dnc. 

There  is  every  indication,  therefore,  that  exceedingly  high  recoveries 
should  be  obtained  from  Montana  ores  which  contain  aroimd  22  per  cent. 
of  iron  and  are  readily  concentrated  to  exceed  50  per  cent,  of  zinc.    The 
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general  impresaion  seems  to  be  that  the  proper  roasting  temperature 
for  subsequent  leaching  with  sulphuric  acid  is  around  600°  C.  I  have 
understood  for  nearly  a  year  now  that  this  is  the  approximate  tempera- 
ture employed  in  the  Wedge  roaster  at  the  Park  City,  Utah,  smelter, 
working  on  oil  flotation  concentrates  of  around  40  per  cent.  zinc. 

E.  H.  Hamilton,  in  a  paper'  on  "Electrolytic  Zinc  Extraction  at  Trail, 
B,  C,"  ptated  the  temperature  of  the  Wedge  roaster  to  be  approximately 
600°  C.     The  ore  had  approximately  the  following  composition: 


Magnesia 

Sulphur 

Zinc 

Cadmitim 

Iron 

Insoluble,... 
Alumina 

...  21  to  31 
4 
3 

...24  to  29 

....  19  to  24 

0.04 

The  ore  is  crushed  in  tube-mills  to  the  following  size : 

M»h.  Per  Ont. 

On             48 3 

On     48-100 10 

On    100-150 3 

On    150-200 12 

Through  200 72 

100 
and  is  then  roasted  in  Wedge  roasters  having  seven  floors  and  diameter  of 
26  ft.  (8  m.)  with  two  arms  to  the  floor  and  revolving  once  in  4  min. 
Forty  tons  are  roasted  per  day  from  25  per  cent,  down  to  5  per  cent, 
sulphur.     The  temperature  of  the  hearths  is  approximately: 

1st  floor 

2d   floor 950°  F.  (510"  C.) 

3d    floor 1000°  F.  (538°  C.) 

4th  floor 1100°  F.  (593°  C.) 

5th  floor 1100°  F.  (593°  C.) 

6th  floor 1060°  F.  (566°  C.) 

7th  floor . 

Since  the  problem  of  roasting  for  subsequent  leaching  with  sulphuric 
acid  is  the  same  everywhere,  that  is  to  eliminate  sulphides  and  convert 
the  zinc  into  an  oxide  or  sulphate,  it  follows  that  the  practice  must  be 
substantially  the  same  everywhere,  the  time  of  the  operation  varying 
only  with  the  fineness  of  the  ore  and  the  sulphur  contents. 

The  Leaching  and  Purification  Problem 

On  the  other  hand,  this  problem  differs  with  each  locality.     On 

visiting  the  successful  electrolytic  zinc  plants  of  the  country,  one  finds 

no  lack  of  understanding  of  the  impurities  that  occur,  of  the  reagents 

which  must  be  employed,  or  of  the  reactions  that  take  place.     While 

*Tians.  Am.  Elpplrorhrniica!  Soc.  (1917),  83,  217. 
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in  some  cases,  past  failures  in  leaching  for  electrolytic  zinc  were  probably 
due  to  lack  of  consideration  for  things  which  were  known,  the  difficulties 
encountered  have  been  usually  the  more  or  less  inevitable  result  of  the 
large  scale  on  which  it  ha^  been  attempted  to  operate.  They  have 
been  attributable  mainly  to  poor  arrangement  of  the  plant  and  to  failure 
of  some  of  the  mechanical  apparatus  to  operate  continuously,  particularly 
that  connected  with  the  filtration  of  the  solution  and  the  removal  of 
the  coagulated  or  precipitated  impurities.  It  has  been  found  absolutely 
essential  to  have  a  well  designed  plant,  in  which  the  apparatus  is  arranged 
in  sequence  according  to  the  sequence  of  operations;  in  which  lead  pipe, 
and  not  iron  or  other  substitute,  is  used  where  lead  should  be  used;  in 
which  excessive  pumping  is  avoided;  in  which  reliable  mechanical  ap- 
paratus is  employed  and  no  one  piece  ia  so  situated  that  it  can  become 
the  solitary  neek  of  the  bottle,  the  temporary  clogging  of  which  might 
cause  the  solution  to  foul  and  so  disrupt  the  operation  of  the  entire  plant 
as  to  require  days  for  its  resumption. 

Power  Requirements  of  the  Zinc  Cell 
These  requirements  also  are  well  understood,  though  they  were  not  two 
or  three  years  ago  when  most  of  the  existing  electrolytic  zinc  plants  were 
planned.  It  was  not  appreciated  that  electrolytic  zinc  precipitation  would 
beeomesubstaiitially  a  constant-voltage,  constant-current  process.  Every 
operating  superintendent  has  worked  out  series  of  power  charts  similar  to 
Fig.  12  of  Mr.  Hansen's  paper.  The  working  part  of  this  chart  is  that 
between  5  and  9  per  cent,  acid,  and  approximately  20  and  35  amperes  per 
sq.  ft.  General  practice  has  adopted  25  amperes  per  sq.  ft.,  or  slightly 
lees,  as  the  most  economical  current  density.  Working  within  these 
usual  limits,  a  change  of  15  per  cent,  in  applied  voltage  with  constant 
acidity  will  approximately  double  or  halve  the  current  density,  whereas 
a  change  of  1  per  cent,  in  the  acidity  of  the  solution,  at  constant  voltage, 
will  produce  about  a  15  per  cent,  chaise  in  the  current  density. 

The  problems  of  roasting,  leaching,  and  purification  having  been 
largely  solved,  and  a  pure  solution  having  arrived  at  the  tank  room, 
it  is  evident  what  ready  means  exist  to  determine  what  current  density 
and  rate  of  precipitation  are  most  economical,  power  and  other  operating 
costs,  interest  on  investment,  and  the  price  of  zinc,  all  being  taken  into 
consideration. 

As  Mr.  Hansen's  Fig.  12  shows,  there  is  no  appreciable  difference 
in  the  cathode  production  of  the  cell,  per  kilowatt-hour,  at  25  amperes 
current  density,  between  6  and  8  per  cent,  acidity,  and  at  35  amperes 
the  difference  is  not  considerably  greater.  This  change  in  acidity, 
however,  which  may  be  effected  simply  by  altering  the  rate  of  flow  of  the 
incoming  solution  by  means  of  the  valves,  will  change  the  current 
density  approximately  30  per  cent.     Of  course,  the  actual  acidity,  which 
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may  be  employed  over  long  periods  c^  time,  is  determined  by  other  fac- 
tors related  to  the  leaching  and  filtration;  but  it  is  evident  that  "acid 
control"  can  be  a  moBt  effective  means  of  current  control  for  the  brief 
periods  when  necessary  changes  are  being  effected  in  the  tank  room,  or 
some  external  condition  alters  abnormally  the  voltage  available  at  the 
tank  room.  According  to  general  experience,  there  is  no  occasion,  95 
per  cent,  of  the  time,  for  anything  but  constant  voltage  in  the  tank  room ; 
and,  for  the  remaining  time,  a  means  of  varying  the  voltage  5  per  cent, 
either  way  is  all  that  is  necessary. 

Design  and  Seleclion  of  Eledricai  Equipment 
It  is  becoming  apparent  that  all  the  conditions  were  not  known  or 
fully  analyzed  by  the  electrical  equipment  manufacturers  who  applied 
their  machinery  in  the  earlier  electrolytic  zinc  plants.  In  these  times  of 
high  costs,  thorough  analyses  should  be  made  to  determine  exactly  the 
requirements  which  the  tank  room  mtwt  demand  of  the  electrical  equip- 
ment, analyses  unbiased  by  what  has  been  done  before.  In  this  con- 
nection, the  writer  frankly  acknowledges  that  in  his  paper*  "The  Sub- 
station Problem  of  the  Electro-chemical  Plant,"  that  part  of  the  discussion 
dealing  with  the  voltage  range  of  electrolytic  sine  plants  was  unduly 
influenced,  unconsciously,  by  the  known  characteristics  of  the  electrical 
equipment  already  installed  in  such  service.  I  feel  that  there  is  opportu- 
nity for  greater  resourcefulness  than  has  been  evidenced  in  the  past.  Since 
the  electrolytic  zinc  process  is  substantially  a  constant-voltage,  constant- 
current  process,  like  the  aluminum  reduction  process,  and,  Uke  it,  a  process 
which  should  operate  365  days  out  of  the  year,  I  am  confident  that  plans 
will  be  made  to  employ  the  type  of  electrical  equipment  which  has  the 
lowest  first  cost  and  the  highest  efficiency  over  the  longest  operating 
period.  Continuous  efficiency  will  not  be  sacrificed  and  initial  cost 
unduly  increased  simply  to  take  care  of  occasional  abnormal  conditions 
which  resourcefulness  can  meet  in  other  ways. 

I  expect  to  see  the  elimination  of  the  motor-generator  set  from  con- 
sideration for  such  service,  on  account  of  its  low  operating  efficiency  and 
high  first  cost.  I  expect  to  see  a  larger  number  of  simple,  shunt-wound, 
rotary  converters  employed,  the  most  efficient  machine  obtainable, 
such  as  are  largely  used  in  the  aluminum  reduction  industry;  and,  where 
a  small  voltage  variation  is  needed,  this  will  be  obtained  simply  by  re- 
actance in  the  alternating-current  supply  circuit  and  variations  of  the 
shunt-fieid  strength.  This  "  reactance  and  shunt-field  control "  method  of 
obtaining  small  voltage  variations  has  not  been  used  largely  in  America, 
except  in  the  aluminum  reduction  industry,  and  in  some  of  the  older 
street  railway  systems;  but  it  has  been  used  extensively  elsewhere, 
especially  in  Great  Britain  and  her  colonies. 

•  Tram.  Am.  Electrochemioal  Soc.  (1917),  SS,  99. 
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For  electrolytic  service  really  requiring  voltage  variations  greater 
than  5  per  cent,  plus  aod  minua,  I  expect  to  see  the  installation  of  the  moat 
effective  type  of  booster  rotary  converter,  after  all  the  various  factors 
in  the  tank  room  have  been  given  full  consideration.  The  reasons  for  con- 
fidence in  the  suitability  of  the  booster  rotary  converter  for  such  service 
are  set  forth  at  length  in  my  iwper  to  which  I  have  just  refen-ed. 


Carbocoal 

Discuaoioii  of  the  paper  of  C.  T.  Malcolmbon,  presented  at  the  Color&do  meeting, 
September,  IfllS,  and  printed  in  BalieHn  No.  137,  May,  1918,  p.  971. 

W.  Rowland  Cox;*  New  York,  N,  Y.  (written  discussionf). — The 
process  described  by  Mr.  Malcolmaon  undoubtedly  represents  a  great 
stride  toward  conservation  of  our  natural  resources.  Without  discussing 
the  subject  from  an  economic  standpoint,  I  wish  further  to  emphasize 
the  fundamental  principles  of  the  Smith  process  in  order  that  its  economic 
value  may  be  fully  appreciated. 

The  process  is  essentially  a  means  of  producing  an  ideal  fuel,  a6  regards 
its  combustion  qualities,  by  the  removal  of  the  so-called  volatile  matter 
from  the  coal,  in  the  form  of  byproducts,  which  have  value  for  other 
purposes  far  in  excess  of  their  fuel  value.  In  other  words,  coals  which 
contain  lai^e  amounts  of  gas,  tar,  and  ammonia,  and  are  not  suitable 
for  domestic  or  industrial  fuel,  or  fOr  treatment  in  byproduct  coke  o.vens 
or  gas  retorts,  because  they  possess  poor  coking  qualities,  can  be  prepared 
for  commercial  use  fay  the  Smith  process  with  a  very  high  degree  of 
efficiency. 

Much  work  has  been  done  along  this  line,  both  in  this  country  and 
in  Kurope,  in  developing  a  means  of  preparing  coal,  as  the  economic 
advant^es  have  long  been  recognized.  To  the  best  of  my  knowl- 
edge, the  Smith  process  is  the  only  one  that  has  proved  its  commercial 
adaptability. 

Distillation  of  coal  at  900'  to  1000°  F.  (480°  to  540°  C.)  yields  a  la»ge 
amount  of  tar  and  oils.  The  residue  of  the  distillation,  however,  is  a 
very  friable  semi-coke,  wholly  unsuitable  for  use  as  a  fuel,  unless  it  can 
be  charged' directly  into  a  byproduct  gas  producer.  The  problem  which 
confronted  the  inventor  was  then  to  convert  this  carbon  residue  into  a 
commercial  product)  and  it  is  in  this  step  that  the  Smith  process  has  over- 
come the  obstacles  which  prevented  a  number  of  other  methods  from 
becoming  commercially  practicable. 

It  was  found  that  by  pulverizing  the  carbon  residue  it  could  be 
briquetted  with  pitch  as  a  binder.  Such  briquets,  however,  were  not 
smokeless,  and  possessed  all  the  other  disadvantages,  such  as  softening 
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during  combustion,  Btnell,  and  other  characteristics  of  briquets  made 
with  a  pitch  binder. 

The  inventor  found  that  by  diatiUing  the  briquets  made  from  the  car- 
bon residue,  at  a  temperature  between  1400°  and  2000°  F.  {760°  and  10- 
95°  C),  the  material  was  completely  devolatilized,  and  a  briquet  of  high 
specific  gravity  was  produced. 

It  was  also  proved  that  by  making  the  first  distillation  incomplete, 
the  final  briquets  burned  very  freely  as  compared  with  similar 
briquets  made  from  anthracite  or  coke,  and  it  is  this  rapid  combustion 
that  so  distinctly  differentiates  this  fuel  from  other  low-volatile  fuels 
now  on  the  market. 

As  to  the. byproducts  of  the  process,  I  would  emphasize  one  feature. 
It  is  well  known  that  low-temperature  carbonization  produces  a  high 
yield  of  light  oils  of  the  benzol  series,  but  with  such  large  amounts  of 
parafGnes  present  that  the  toluol  will  not  be  accepted  by  the  manufac- 
turers of  explosives.  The  inventor  and  his  associates,  I  am  advised, 
have  developed  a  means  of  removing  the  parafFines,  and  are  producing 
higher  yields  of  benzol  and  toluol  than  in  ordinary  coke-oven  practice. 

J.  M.  Fitzgerald,*  Rochester,  N.  Y.  (written  discussionf). — Until 
the  end  of  the  war  at  least,  Carbocoal  will  help  to  satisfy  the  enormous 
requirements  of  the  Government  for  a  smokeless  fuel  for  the  use  of  ves- 
sels engaged  in  crossing  the  Atlantic;  just  now,  the  Government  is  practi- 
cally-commandeering the  output  of  the  principal  mines  in  West  Virginia, 
Maryland,  and  Pennsylvania,  producing  the  so-called  "smokeless  coals," 
for  their  use.  The  need  for  smokeless  coal  increases  as  more  ships  are 
launched,  and  it  is  entirely  probable  that  within  a  year  bunker  require- 
ments will  have  grown  to  such  proportions  as  to  demand  practically 
the  entire  output  of  most  of  the  mines  that  produce  low-volatile  coals 
in  Pennsylvania,  and  for  a  large  portion  of  the  product  of  the  Pocahontas 
and  New  River  fields.  About  a  year  ago,  ships  were  required  to  carry 
a  "sufficient  quantity  of  smokeless  coal  to  carry  them  for  two  days 
through  the  submarine  zone;"  as  the  submarines  now  have  no  limits 
to  their  zone,  it  has  become  necessary  to  use  smokeless  coal  for  the  entire 
trip  between  America  and  Europe. 

This  new  fuel  has  been  given  a  most  thorough  test  by  the  United  States 
Navy,  and  it  has  been  shown  to  be  not  only  smokeless,  but  particularly 
suitable  for  marine  and  locomotive  service  where  a  high-grade  fuel  is 
demanded  because  of  restricted  grate  and  boiler  capacity. 

As'  to  the  yield  of  oils  by  this  process,  Dr.  Mollwo  Perkins,  in  a  recent 
papei'^  on  the  importance  of  the  oil  requirements  of  the  Navy,  spoke  of 
recovering  oil  from  coal  by  a  low-distillation  process  similar,  as  to  tem- 

■  President,  Davia  Machine  Tool  Co. 

tReceived  Aug.  13, 1918. 
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perftture,  to  the  primary  operation  of  the  Smith  process.  Mr.  Perkins 
stated  that  to  produce  300,000  gal.  of  oil  daily,  only  15,000  tons  of  raw 
eoal  would  need  to  be  treated,  and  that  the  erection  of  suitable  plants 
in  the  coal  districts  would  be  simple.  The  adoption  of  such  measures 
would  release,  for  other  use,  100  tank  steamers  now  employed  in  carrying 
oil  to  England  from  Mexico  and  other  remote  places. 

Dr.  Perkins'  figures  are  sensational  when  one  stops  to  figure  that  to 
build  100  tank  steamers,  averaging  6000  tons  dead  weight,  would  involve 
an  expenditure  of  around  1120,000,000.  To  build  plants  that  will  treat 
15,000  tons  of  coal  per  day,  according  to  estimates,  would  cost  only 
$25,000,000.  While  America  will  not  be  able  to  effect  so  large  a  saving 
in  ocean  transportation,  .the  building  of  these  plants  in  the  important 
coal  fields  will  introduce  economies  in  railroad  transportation,  and  re- 
duce the  cost  of  power  and  fuel  for  domestic  use.  ' 

An  important  subject  in  every  home  is  the  supply  of  domestic  coal. 
In  the  east,  anthracite  coal  is  used  almost  exclusively  for  domestic  pur- 
poses; little  coke  is  used,  because,  owing  to  its  bulk  and  the  corresponding 
increase  in  freight  charges  as  compared  with  coal,  it  can  not  readily  move 
to  points  far  from  its  place  of  manufacture. 

Only  a  few  months  ago,  Professor  Breckenbridge,  of  New  Haven, 
estimated  that  the  anthracite  coal  measures  would  be  exhausted  in  about 
100  years.  One  of  the  dominating  features  of  the  new  process  is  that  it 
eliminates  from  further  consideration  the  possible  exhaustion  of  anthra- 
cite; Carbocoal  is  smokeless,  is  said  to  be  even  more  cleanly  for  domestic 
use,  and  it  suffers  no  breakage.  As  bituminous  coals  in  nearly  all  of 
the  fields  of  the  United  States  are  susceptible  to  this  treatment,  this 
smokeless  fuel  can  be  made  available  for  use  in  many  sections  so  distant 
from  the  anthracite  fields  that  the  coat  of  hard  coal  is  prohibitive.  This, 
it  is  argued,  will  go  tar  toward  the  saving  of  transportation  and  of  cars. 

Briefly,  the  Smith  process  gives  promise  of  supplying  to  nearly  every 
bituminous  producing  section  of  the  country  the  means  of  manufactur- 
ing its  raw  coal  without  loss  of  the  valuable  byproducts.  What  has  re- 
tarded the  more  general  installation  of  byproduct  coke  plants  in  this 
country  has  been  the  fact  that,  to  dbpose  of  some  of  the  most  abundant 
byproducts,  the  plants  would  have  to  be  located  near  large  centers  of 
industry  and  population.  The  Smith  process  makes  it  practicable  to 
treat,  by  the  low-distillation  method,  coals  of  proper  quality  wherever 
they  may  he  mined.  The  valuable  byproducts  can  be  shipped  to  any 
point.  If  there  is  not  sufficient  local  demand  to  consume  the  full 
output  of  Carbocoal  made  from  the  residue,  this  fuel  can  be  shipped  in 
competition  with  run-of-mine  or  prepared  coal.  Having  the  same  weight 
as  anthracite  or  bituminous  coal,  it  will  move  at  the  same  freight  rate, 
and  not  bear  the  handicap  of  extra  charges  that  are  maintained  on  coke 
by  reason  of  its  bulk. 
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Newell  W.  Robbrtb*,  New  York,  N.  Y.  (written  diacussionf)- — One 
of  the  moat  valuable  points  brought  out'  in  Mr.  Malcolmaon's  paper  is 
the  quantity  and  quality  of  the  byproducts. 

In  the  early  days  of  coal  distillation,  the  carbonizatiou  of  coat  was 
carried  on  primarily  for  the  yield  of  gas,  and  the  tar  resulting  therefrom 
was  considered  a  necessary  evil.  The  yield  of  tar,  however,  although 
considered  large  in  those  days,  waa  relatively  small  as  comparedwith 
present-day  results.  Even  yet  we  find  that  the  yield  of  byproducta 
does  not  fully  meet  our  requirements.  The  coke-oven  plants  are  pro- 
ducing an  average  of  little  more' than  7  gal.  {26.5  I.)  of  tar  per  ton  of 
coal  carbonized,  although  some  are  producing  as  high  as  9  gal.  (34  1.) 
per  ton.  Id  addition  to  the  tar,  by  stripping  the  gas,  some  2  to  3  gal. 
of  light  oil  is  obtained,  the  average  yield  being  slightly  under  2.5  gal. 
(9.4  1.),  of  which  approximately  0.3  gal.  (1.13  1.)  is  toluol. 

The  Smith  process  produces  an  average  of  30  gal.  (113.5  1.)  of  tar  from 
both  distillations,  from  coal  having  volatile  contents  of  35  per  cent. ;  ap- 
proximately 24  gal.  (91  1.)  are  obtained  from  the  first,  and  6  gal.  (22.7 1.) 
from  the  second  distillation.  This  tar  is  unusually  light  in  gravity,  rang- 
ing from  1  to  1.06,  while  in  some  cases  the  gravity  has  fallen  below  1. 
The  difference  between  Smith  tar  and  coke-oven  tar  is  very  well  brought 
out  in  Mr.  Malcolmaon's  paper.  Coke-oven  tar  contains  62  per  cent,  of 
pitch,  and  the  tar  from  iAie  Smith  process  less  than  40  per  cent.  This, 
however,  is  to  be  expected.  In  the  first  place,  the  primary  distillation 
is  carried  out  at  a  low  temperature,  and  there  is  no  cracking  of  the  oils 
and  vapors.  That  the  difference  in  yields  is  due  to  the  difference  in  tem- 
perature at  which  the  two  processes  are  operated  is  very  well  illustrated 
by  a  simple  cracking  tube.  Take  almost  any  oil  and  pass  it  through  a 
tube  at  800  to  900"  F.  (430°  to  480°  C.)  under  atmospheric  pressure,  and 
there  is  practically  no  cracking.  Increase  the  temperature  to  1500°  F. 
(815°  C.)  and  large  quantities  of  gas  and  tar  are  formed,  the  latter  con- 
taining 40  to  60  per  cent,  of  pitch.  This  is  what  occurs  in  coke  ovens; 
the  oils  come  in  contact  with  the  hot  coke,  or  the  heated  walls  of  the  re- 
tort, and  are  cracked,  producing  gas  and  reducing  the  yield  of  tar. 

The  value  of  the  tar  from  the  Smith  process  can  only  be  estimated, 
but  it  will  undoubtedly  be  more  valuable  than  any  coal  tar  now  on  the 
market.  Of  the  30  gal.  of  tar  produced  by  both  distillations,  15  to  20 
gal.  (57  to  76  I.),  dependent  on  the  raw  coal  used,  can  be  recovered  in  the 
form  of  marketable  oils. 

The  light  oil  from  the  tar,  as  well  as  the  light  oil  from  the  gas,  contains, 
as  might  be  expected,  a  certain  quantity  of  paraffin  hydrocarbons.  These 
vary  from  4  to  20  per  cent.,  depending  upon  the  nature  of  the  coal  used. 
Ordinarily,  light  oil  containing  paraffin  hydrocarbons  in  the  amount  just 
mentioned  would  be  valueless  for  use  in  the  manufacture  of  c.  p.  benzol  and 

'  Vice-president,  Intematioaa)  Coal  Products  Corporation. 
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toluol,  but  with  the  Smith  process  it  has  been  found  possible  entirely  to 
eliminate  the  objectionable  paraffin  hydrocarbons.  After  the  demand  for 
c.  p.  toluol  has  ceased,  these  light  oils,  as  has  already  been  demonstrated 
by  actual  tests,  can  be  used  as  an  excellent  motor  fuel.  The  middle 
and  heavy  oils,  while  at  present  not  attracting  so  much  attention  as  the 
lighter  fractions,  should  be  in  great  demand  in  the  future. 

At  present  there  is  a  good  market  for  creosote  and  flotation  oils, 
and  all  the  oils  produced  at  the  Irvington  plant  have  been  sold  at  a  very 
good  price  for  these  purposes.  No  attempt  has  as  yet  been  made  to  sepa- 
rate the  tar  acids  from  the  oils,  and  the  crude  cuts,  just  as  they  are  taken 
from  the  still,  are  used  as  such.  The  higher  fractions  are  rich  in  tar 
acids,  containing  as  high  as  40  per  cent.,  and  averaging  well  above  30 
per  cent,  acidity. 

The  middle  fraction,  distilling  between  170  to  230°  C,  is  rich  in  oresylic 
acid,  and  laboratory  tests  have  shown  that  as  h^h  as  0.5  gal.  of  acid 
can  be  obtained  from  each  ton  of  coal  carbonized.  A  small  quantity 
of  phenol  is  also  present  in  the  middle  oil  fractions  but  it  is  doubtful 
whether  it  would  pay  to  extract  it.  The  light  oil  fraction  from  the  tar, 
distilling  below  170°  C,  also  contains  tar  acids,  but  in  much  smaller 
proportions.  The  analysts  of  this  fraction  shows  it  to  contain  about 
10  per  cent,  of  tar  acid,  the  bulk  of  which  is  cresyUc.  With  a  domestic 
production  of  cresylic  acid,  the  American  marketa  will  be  well  supplied, 
and  its  importation  in  lai^e  quantities  will  no  longer  be  necessary.  This 
should  result  in  a  lower  cost,  and  as  most  forms  of  commercial  cresylic 
acid  darken  on  storage,  which  in  numerous  cases  is  found  objectionable, 
it  should  be  possible  to  put  on  the  market  a  product  more  satisfactory 
to  the  consumer. 

As  to  the  oil  obtained  by  stripping  the  gas,  this  is  obtained  in  the 
same  quantity  as  from  coke  ovens.  It  is  richer  in  toluol,  yielding  ap- 
proximately 0.35  gal.  (1.32  1.)  per  short  ton  (907  kg.)  of  coal  carbonized. 
In  addition  to  the  tuluol  recovered  from  the  gas,  0.13  gal.  {0.49  1.) 
is  also  obtained  from  the  tar,  making  a  total  of  nearly  half  a  gallon  from 
each  ton  of  coal,  or  practically  double  the  average  yield  from  coke  ovens. 

The  Smith  process  also  produces  a  good  yield  of  ammonia.  The  first 
or  low- temperature  distillation  yields  4  or  5  lb.  (2  kg.),  and  the  second 
or  high-temperature  distillation  15  to  16  lb.  (7  kg.)  of  sulphate,  a  total 
which  compares  very  favorably  with  coke-oven  and  gas-house  practice. 

CHAKLEsM.BAHNETT.'NewYork.N.Y.  (written  discuBsiont). — Dur- 
ing the  last  few  years,  much  thought  has  been  given  by  coke-oven  engineers 
to  the  distillation  of  coal  at  low  temperatures,  to  obtain  a  smokeless  fuel 
and  a  larger  yield  of  tar,  benzol,  etc.,  than  is  obtainable  in  existing  by- 
product coking  processes.    The  intermittent  process,  as  used  in  England, 

*  Of  the  Cltnchfield  Coal  CorporatioD.     Formerly  Plea,  and  Ge&'l  Mgr.,  Cbesit- 
peake  &  Ohio  Coal  and  Coke  Co. 
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has  many  disadvantages :  RestrictioD  to  the  use  of  certain  coals;  charging 
and  discharging  of  retorts  is  costly;  fuel  obtained  is  bulky,  low  in  specific 
gravity,  and  difficult  to  handle  without  excessive  breakage  in  transporta- 
tion; in  carbonization,  coals  nearest  the  sides  of  the  retort  are  coked  more 
than  those  in  the  center,  making  a  uniform  yield  impossible;  yield  of 
ammonia  is  low. 

The  Smith  continuous  retort  appears  to  have  overcome  these  difficul- 
ties. The  higher  the  volatile  content,  the  higher  the  yield  of  oils.  No 
special  coal  is  required  for  the  process.  Coal  which  has  a  tendency  to 
swell  in  carbonization  can  be  easily  bandied  in  this  retort,  which  would  be 
impossible  in  the  intermittent  process.  The  interlapping  paddles  agitate 
and  mix  the  material  thoroughly,  and  each  particle  of  coal  is  brought  into 
intimate  contact  with  the  sides  of  the  hot  retort,  giving  a  uniform  product. 

The  question  of  feeding  coal  into  the  retort  and  discharging  the  carbon 
residue  therefrom,  which  has  been  found  troublesome  in  all  other  con- 
tinuous processes,  has  been  solved  satisfactorily  in  the  Smith  process. 
The  heating  system  of  the  retort  enables  the  operator  to  obtain  any 
desired  temperature  at  any  part  of  the  retort ;  access  to  the  gas  burners  is 
obtained  underneath,  and  control  of  the  air  for  combustion  is  easily  ac- 
cessible, being  adjacent  to  the  gas  burners,  so  that  adjustments  to  the 
gas  and  air  can  be  made  at  the  same  time.  The  dampers  connecting 
the  heating  flues  to  the  waste-heat  flue  are  operated  from  the  top  of  the 
retort.  Air  used  for  combustion  is  pre-heated  in  the  recuperator  under- 
neath the  retort,  cold  air  and  waste  gases  flowing  countercurrent  to 
each  other. 

The  carbon  residue  obtained  from  the  primary  carbonization  is  a  fuel 
of  uniform  quality,  and  averages  8  to  10  per  cent,  volatile  matter.  It  is 
easily  crushed  and  would  make  ideal  powdered  fuel,  with  a  consider- 
able saving  of  national  resources  through  recovery  of  the  valuable  byprod- 
ucts, as  compared  with  present  methods  of  using  raw  powdered  bitu- 
minous coal.  The  carbon  residue  could  also  be  stored  with  less  dai^er  of 
spontaneous  combustion  than  raw  bituminous  coal.  This  opens  up  a 
large  field  for  its  economical  storage  in  the  tropics  and  at  bunkerii^ 
stations  around  the  world. 

As  to  the  briquetting  of  the  carbon  residue,  the  pitch  employed  {only 
a  small  percentage)  is  obtained  from  the  tar  distilled  in  the  plant,  and  it  ie 
found  that  more  than  enough  for  the  requirements  of  the  briquetting 
plant  is  available.  This  is  an  ideal  way  of  disposing  of  the  pitch,  as  in 
normal  times  pitch  does  not  find  a  ready  market  in  large  volume.  In  the 
secondary  carbonization,  some  of  the  pitch  is  recovered,  some  gasifies, 
and  the  remainder  combines  as  carbon  with  the  finished  product. 

The  process  is  also  valuable  for  carbonizing  coals  of  high  sulphur 
content,  such  as  certain  Illinois  coals,  which  are  not  suitable  for  metallur- 
gical coke,  but  make  a  good  domestic  fuel  in  the  form  of  Carbocoal. 
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Cbarlbs  Catlbtt,*  Staunton,  Va.  (written  discussiont)- — I  wit- 
nessed a  test  of  Carbocoal  on  a  Mallet  locomotive  on  the  CUacbfield 
road  in  September,  1917.  The  locomotive  was  pulling  approximately 
3000  tons  up  a  3^  per  cent,  grade  at  a  speed  of  between  9H  &nd  H  miles 
an  hour.  A  comparison  was  presented  between  Carbocoal  made  from 
the  Upper  Banner  coal,  mined  by  the  Clinchfield  Coal  Corporation,  and  a 
former  test  made  under  very  similar  conditions  when  using  straight 
Upper  Banner  coal.  There  was  no  diflSculty  in  keeping  the  steam 
gage  steady  between  195  and  200  lb.,  and  the  results  indicated  by  the 
two  tests  were  approximately  the  same.  But  taking  into  consideration 
all  the  conditions  surrounding  the  tests  of  the  Carbocoal,  the  impression 
made  upon  me  was  that  the  latter  would  have  afforded  even  better  re- 
sults if  the  conditions  of  the  tests  had  been  fixed  with  reference  to  that 
particular  fuel. 

The  engines  of  the  Clinchfield  road,  after  many  experiments,  had 
been  drafted  and  arranged  with  special  reference  to  Upper  Banner  coal, 
and  the  fireman  was  famihar  with  what  was  necessary  to  get  the  best 
result  from  it.  This  coal,  which  is  considered  one  of  the  best  locomotive 
fuels  in  the  East,  carries  about  32  per  cent,  of  volatile  matter,  and  is 
strongly  coking;  yet  in  this  test  it  was  replaced  by  Carbocoal,  carrying 
not  over  4  per  cent,  of  volatile  matter,  and  having  no  coking  qualities, 
without  any  change  in  the  drafting  or  arrangement  of  the  fire-box. 
It  was  evident  that  the  fire-box  could  have  contained  and  consumed  a 
very  much  larger  amount  of  Carbocoal  than  was  fed  to  it.  A  small 
matter  bearing  upon  the  test  was  the  fact  that  the  briquets  were  of 
domestic  size,  and  being  of  round  shape  would  not  pile  up  on  the  shovel 
as  would  runnsf-mine  coal;  thus,  with  the  same  exertion  the  fireman  could 
not  put  the  same  weight  of  fuel  into  the  fire-box  when  firing  Carbocoal 
as  when  firing  run-of-mine  coal.  This  could  easily  be  obviated  by  a 
change  in  the  form  of  the  scoop,  or  in  the  shape  of  the  briquet. 

One  great  advantage  of  the  Carbocoal,  as  compared  with  other  forms 
of  fuel,  is  that  brought  about  by  the  formation  of  the  semi-carbocoal  at 
a  low  temperature.  When  coal  has  been  coked  at  a  low  temperature 
and  allowed  to  cool,  it  no  longer  softens  and  continues  the  process  of 
coking  when  again  heated.  The  character  of  coke  so  formed  is  entirely 
different  from  that  of  coke  made  at  a  high  temperature.  It  probably 
occludes  more  oxygen,  and  is  more  readily  acted  on  by  the  oxygen  of 
the  air,  and  probably  burns  with  less  excess  of  air  than  is  required  for 
burning  other  fuel. 

One  interesting  factor  is  the  marked  reduction  in  the  formation  of 
clinkers,  as  compared  with  the  coal  from  which  the  Carbocoal  is  made ; 

*  Chemist  and  geologist. 
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this  is  hard  to  underEtanij.  The  Carbocoal  will  naturally  carry  somewhat 
more  ash  than  the  coal  from  which  it  is  made,  but  owing  to  the  uniform 
grinding  and  mixing  of  the  coal,  the  ash  is  dietributed  uniformly  through 
the  material,  and  probably  every  particle  of  the  ash  is  covered  with  a 
layer  of  soft  coke  in  the  initial  coking.  This  may  have  some  effect  in 
reducing  the  tendency  of  the  ash  to  clinker,  and  may  enable  it  to  drift 
away  from  the  zone  of  highest  temperature  before  it  l:>ecomes  so  fused  as 
to  give  trouble. 

In  addition  to  its  value,  as  described,  for  ordinary  gas  producers  or 
Mond  gas  producers,  I  imagine  the  Carbocoal  would  have  special  v^ue 
in  connection  with  suction  gas  plants.  My  impression  has  been  that  the 
wider  adoption  of  such  plants  has  been  retarded  by  the  difficulty  of  secur- 
ing adequate  supplies  of  suitable  fuel. 

While  Carbocbal  undoubtedly  can  be  used  for  steam  purposes,  and 
its  use  under  certain  conditions  is  desirable,  it  looks  to  me  as  if  it  would 
have  much  greater  value  in  the  domestic  trade,  where  it  could  take  the 
place  of  anthracite  in  those  sections  which  are  at  present  remote  from 
anthracite  supply. 

I  believe  one  of  the  difficulties  in  connection  with  the  production  of 
large  amounts  of  ammonia  from  coke-oven  gases  has  been  the  apparent 
limit  to  the  demand,  in  many  sections,  for  coke;  but  the  demand  for  such 
a  material  as  Carbocoal  will  be  far  more  extensive  and  universal,  and  it  is 
not  unreasonable  to  expect  that  in  time  a  large  amount  of  nitrogen  com- 
pounds, 80  greatly  needed  in  agriculture,  will  be  derived  from  this  source. 

F.  R.  Wadleigh,*  Washington,  D.  C.  (written  discussiont). — The 
Carbocoal  process,  as  patented  and  developed  by  Mr.  Smith,  wouldseem  to 
have  greater  poseibilities  than  any  other  fuel  development  of  late  years,  or 
indeed  for  many  years.  Low-temperature  distillation  of  coal  is  not  new, 
of  course,  but  the  experimental  results  obtained  by  the  Smith  process  go 
far  beyond  and  cliffer  from  all  previous  work  of  the  kind,  both  in  methods 
of  operation  and  in  the  products  obtained.  The  process  is  a  long  step 
toward  the  conservation  of  fuel  resources;  indeed,  its  development  in 
foreign  countries,  especially  in  Ei^land,  France,  Italy  and  Spain,  or 
wherever  suitable  coals  are  available,  will  aid  in  solving  many  important 
fuel  problems,  as  well  as  others  not  strictly  pertaining  to  fuel,  aa  such. 

In  Great  Britain,  for  instance,  where  all  oils  must  either  be  imported 
or  made  from  coal  or  shales,  but  where  the  best  grades  of  high-volatile 
coal  are  available,  a  Carbocoal  plant  would  be  highly  profitable;  the  Car- 
bocoal itself  would  fill  the  demand  for  a  smokeless  house  and  steam  fuel, 
while  the  yield  of  byproducts,  especially  the  oils,  would  help  to  reduce 

*  Mining  Engineer,  Emergency  Fleet  Corporation, 
t  Received  Aug.  17,  1918. 
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the  quantity  of  oil  to  be  imported,  while  assuring  a  definite  and  steady 
supply  and  no  uncertainty  aa  to  losses  of  ships.  A  plant  carbonizing 
2000  tons  of  coal  per  day  would  produce  about  15,000,000  gal.  per  year 
of  various  oils;  to  import  the  same  amount  from  the  Mexican  oil  fields 
would  take  about  five  tanks,  each  making  five  trips  per  year. 

Regarding  Carbocoal,  the  fuel,  it  is  understood  that  the  railroads  have 
allowed  the  same  freight  rates  for  its  transportation  as  for  coal.  In  this 
respect,  it  will  have  a  considerable  advantage  over  coke,  which  is  always 
charged  a  higher  rate  than  ooal,  owing  to  its  bulk.  As  regards  transporta- 
tion, experiments  have  shown  that  Carbocoal  has  decided  advantages  in 
loading  and  unloading  cars,  as  well  as  in  freedom  from  breakage,  the  latter 
beii^  practically  nil. 

The  fact  that  the  process  is  entirely  edf-contained  is  a  distinct  asset — 
everything  it  needs,  it  makes;  only  one  raw  material — the  coal — has  to 
be  supplied. 

As  a  means  of  conserving  our  supplies  of  anthracite  coal,  Carbocoal 
presents  a  most  promising  future;  not  only  has  it  been  proved  to  be  a 
better  domestic  fuel  than  anthracite,  but  the  fact  that  Carbocoal  can 
be  made  from  any  high-volatile  coal  solves  the  serious  question  of  dis- 
tributing anthracite.  The  fact  that  Carbocoal,  aa  now  manufactured 
commercially,  contains  less  volatile  than  anthracite  insures  its  smoke- 
less combustion;  its  uniform  shape  and  size  also  make  for  improved 
combustion. 

The  writer  has  seen  Carbocoal  burned  on  a  locomotive,  running  with 
60  per  cent,  cut-off,  at  a  rate  of  166  lb.  per  sq.  ft.  of  grate  per  hour,  and 
with  16-in.  drf^t  in  the  smokebox,  with  absolutely  not  a  vestige  of  smoke; 
burning  with  a  long  yellowish-white  ilame,  yet  every  part  of  the  surface 
of  the  fire  entirely  visible,  even  to  the  unaccustomed  observer — a  per- 
'  formance  impossible  with  either  coke  or  anthracite. 

On  the  same  locomotive  (a  standard  "Mikado"  as  used  in  freight 
service)  at  a  rate  of  80  r.p.m.  and  50  per  cent,  cut-off,  over  1 1  lb.  of  water 
were  evaporated  per  pound  of  dry  fuel,  from  and  at  212°  F.;  yet  the 
Carbocoal  contained  only  12,201  b.t.u.,  showing  a  boiler  and  grate  effi- 
ciency of  84  per  cent.  It  would  seem  from  such  performances  that  Carbo- 
coal is  the  answer  to  the  smoke  question  on  locomotives — a  truly  large 
field,  ^hen  it  is  remembered  that  one  railroad  alone  buys  some  3,000,000 
toDB  of  anthracite,  coke,  and  so-called  "smokeless"  coals,  solely  to  reduce 
the  smoke  nuisance. 

Other  possibihties  in  the  use  of  Carbocoal  would  seem  to  lie  in  its 
sutffltitution  for  coke  in  various  industrial  processes,  such  as  beet-sugar 
manufacture,  smelting,  and  various  chemical  processes,  where  a  smoke- 
less fuel  is  required,  and  possibly  also  for  foundry  use.  This  would  be 
especially  the  case  west  of  the  Mississippi  River,  where  low-volatile  coals 
and  good  coking  coals  are  comparatively  scarce.    The  high-volatile, 
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high-nitrogen  coals  in  Washington  should  be  especi^y  well  adapted  for 
the  Carbocoal  process,  and  there  would  be  a  ready  market,  both  for  the 
Carbocoal  and  for  the  byproducts. 

One  rather  unusual  feature  of  the  process,  as  applied  to  fuel,  is  the 
fact  that  it  greatly  reduces  the  percentage  of  oxygen  in  the  Carbocoal 
as  compared  with  that  in  the  ordinal  coal.  In  the  case  of  one  well  known 
Eastern  coal,  which  normally  contains  from  7  to  10  per  cent,  oxygen, 
the  Carbocoal  produced  from  it  contained  sightly  less  than  1  per  cent. 
As  a  given  amount  of  oxygen  has  about  the  same  effect  on  coal  combustion 
as  a  similar  percentage  of  ash  would  have,  or,  in  other  words,  the  B.t.u. 
in  dry  coal  vary  directly  with  the  percentage  of  oxygen,  this  may  explain 
some  of  the  extraordinary  results  that  have  been  obtained  with  Carbocoal 
in  bolter  and  locomotive  furnaces. 

Another  promising  feature  is  the  entire  suitabihty  of  the  semi-coke, 
or  coke  residue,  obtained  after  the  first  distillation,  and  before  briquetting, 
for  use  in  byproduct  gas  producers;  here  its  entire  freedom  from  caking, 
or  tar,  its  uniform  quality  and  ease  of  conveying,  in  addition  to  the  fact 
that  the  first  distillation  does  not  remove  any  of  the  original  nitrogen 
in  the  raw  coal,  all  make  the  semi-coke  an  ideal  fuel  for  such  use. 

This  semi-coke  would  also  seeni  to  offer  possibilities  for  use  under 
boilers,  either  stoker  or  hand-fired,  where  smokeless  combustion  could 
be  easily  obtained.  Its  use  under  such  conditions  would,  however,  be 
dependent  upon  location,  as  the  semi-coke  could  not  well  be  trarraported 
for  any  distance. 

As  a  smokeless  fuel  for  the  Navy  and  Merchant  Marine,  especially 
in  war  time,  Carbocoal  should  be  satisfactory.  Indeed,  it  is  understood 
that  tests  made  by  the  U.  S.  Navy  at  its  Annapolis  testing  plant  have 
given  quite  remarkable  results,  both  in  evaporation,  quick  response  to 
draft  changes,  and  entire  absence  of  smoke.  As  a  result  of  these  tests, 
the  Emergency  Fleet  Corporation  has  taken  up  the  question  of  using 
Carbocoal  on  ships  passing  through  the  submarine  zones. 


Air  Blasts  in  the  Kolar  Gold  Field,  Isdia 

Disounion  of  the  paper  of  E.  S.  MooBS,  presented  at  the  Colorado  meetutg,  Sep* 
tember,  1918,  and  prioted  in  BaUelin  Na  135,  March,  1918,  p.  687. 

W.  F.  Sheeth,*  Bangalore,  Mysore,  India  (written  discusaiont). —  ' 
Before  dealing  with  the  air  blasts,  I  would  like  to  clear  up  a  geological 
point.     The  author  states  that  the  matrix  of  the  conglomerate  resembles 
a  hornblende  schist.     This  is  a  misapprehension.     The  conglomerate  ; 

*  Chief  Inspector  of  Mines,  Mysore,  India. 
t  Received  Au«.  16, 1918. 
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band,  or  series,  is  composed  esaentially  of  granitic  gneiss  with  sporadic 
patches  containing  pebbles — or  lumps — of  granitic  material  and  frag- 
ments, or  included  patches,  of  the  overlying  hornblende  schists  and 
banded  iron-ore  formation.  The  conglomeratic  gneiss  is  oblique  to 
the  banding  of  the  schists  and  penetrates  them  in  tongues.  Toward 
the  south  of  the  field  it  cuts  across  the  schist  bands  for  about  2  miles, 
and  similar  granitic  material  is  found  in  the  mines,  at  a  depth  of  3000  ft. 
or  more,  in  bands  or  tongues  which  give  evidence  of  intrusive  action 
in  relation  to  the  hornblende  schists.  It  is  not  understood  in  what 
sense  the  author  r^ards  this  material  as  similar  to  the  basal  Huronian 
conglomerates  of  America,  but  I  gather  that  he  considers  it  to  be  sedi- 
mentary in  origin  and  that  he  differs  from  my  view  that  it  is  an  intrusive 
gneiss  with  autoclastic  pebbles  and  included  fragments  of  the  schists. 
Also,  it  is  not  clear  in  what  way  this  conglomerate,  which  is  admitted 
to  be  younger  than  the  schists,  can  be  regarded  as  basal  or  how  it  can 
indicate  the  presence  of  a  syncline  in  those  schists.  Perhaps  the  author 
would  kindly  further  elucidate  his  views. 

The  author  criticizes  the  use  of  the  term  "air  blast"  and  in  this 
everyone  will,  I  think,  agree  with  him.  Many  years  ago  the  term  was 
in  use  in  the  Cornish  mines  where  rock  was  encountered  which  showed 
a  tendency  to  fly,  or  split  off  violently  in  small  fragments;  this  was 
referred  to  by  the  miners  as  "airing. "  Some  15  or  20  years  ago  similar 
phenomena  became  prevalent  in  the  Kolar  Field  and  were  referred  to  in 
the  same  terms,  but  about  the  same  time  more  than  usually  violent 
effects,  which  involved  the  displacement  of  considerable  masses  of  rock, 
the  smashing  of  large  timbers  and  production  of  violent  shocks,  which 
were  distinctly  and  alarmingly  felt  at  surface,  began  to  attract  attention. 
A  Btudy^  of  a  number  of  cases  led  me  to  divide  these  phenomena 
into  two  classes,  one  of  which  I  called  "quakes"  and  for  the  other  I 
retained  the  term  "air  blast,"  then  in  common  use. 

The  distinction  which  I  endeavored  to  make  was  that  quakes  were 
larger  and  more  serious  phenomena,  involving  considerable  destructive 
effects  xmderground,  accompanied  by  perceptible  shocks  at  surface, 
and  due,  essentially,  to  the  sudden  fracture  of  pillars  or  blocks  of  quartz 
left  standing  in  the  workings  during  the  course  of  mining  operations. 
The  failure  of  such  pillars  was  considered  to  be  the  result  of  compressive 
or  shearing  stresses  due  to  superincumbent  weight,  which  was  a  function 
partly  of  the  depth  from  surface  and  partly  of  the  extent  to  which  the 
surrounding  quartz  had  been  stoped  out,  thereby  increasing  the  weight 
to  be  supported  by  the  pillar.  The  suddenness  and  violence  of  shock 
depends  on  the  physical  characters  of  the  quartz  and  of  the  overlying 
and  underlying  rock  (hard  crystalline  hornblende  schist  and  epidiorite) 

>  Air  Blasts  and  Quakes  in  the  Kolar  Field.     By  W.  F.  Smeeth,  M.  A.,  D.  Sc. 
Myaon  Geol.  Dept.  (1904),  BvU.  No.  2. 
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which  do  Dot  pennit  of  quiet  defonuatioa,  or  adjustDieat,  with  the  result 
that  diaruptioD  is  correspoDdingly  violent  whoD  the  breaking  stress  is 
reached. 

Air  blasts,  on  the  other  hand,  were  restricted  to  bursts  of  rock, 
whether  of  quartz,  hornblende  schist  or  trap  dyke,  which  occurred 
in  circumstances  which  seemed  to  preclude  superincumbent  pressure 
as  an  essential  factor,  and  were  considered  to  be  due  to  intrinsic  strain 
in  the  particular  mass  of  rock  involved.  I  may  add  that  the  term 
"air  blast"  has  been  practically  discarded  for  some  years,  and  these 
occurrences  are  now  commonly  referred  to  as  "rock  bursts." 

At  the  time  the  Bulletin  quoted  above  was  written,  these  rock- 
bursts  were  much  less  serious  phenomena  than  the  quakes.  Small, 
and  sometimes  moderately  large,  pieces  of  rock  were  thrown  from  the 
working  faces  with  disruptive  violence  accompanied  by  considerable 
detonation,  but  the  effects  were  very  local,  timbers  were  not  affected  and 
it  was  not  considered  that  any  perceptible  shocks  were  felt  at  surface. 
Since  that  time  these  rock  bursts  have  been  recognized  as  being  of  greater 
magnitude  and  accompanied  by  danu^e  to  timbers  and  perceptible 
shocks,  so  that  the  visible  and  sensible  distinction  between  quakes  and 
rock  bursts  has  alm(»t  ceased  to  exist,  although  I  am  of  opiuion  that  the 
genetic  distinetioD  is  still  valid.  Such  distinction  can  be  recognized, 
however,  only  when  the  scene  of  a  particular  occurrence  is  known  aad 
can  be  carefully  inspected;  and  in  many  cases  this  is  not  practicable. 

In  his  paper.  Prof.  Moore  agrees  that  the  rock  bursts  are  due  to  a 
condition  of  strain  in  the  portions  of  rock  in  which  they  occur,  and  con- 
siders that  the  strain  is  the  result  of  regional  compression  which  operated 
in  former  times,  and  that  the  rocks  are  still,  on  the  whole,  under  great 
compressive  stress.  In  the  next  paragraph  (p.  693)  he  states:  "In 
some  places  the  rocks  have  yielded  to  compressional  forces,  which  l&ave 
produced  the  movements  indicated  by  the  sUckensides,  while  in  others 
they  have  not  been  compressed  sufficiently  to  cause  them  either  to  ahear 
or  to  rupture,  and  in  these  spots  the  potential  energy  gives  rise  to  the 
blasts." 

The  latter  statement  appears  to  contradict  the  former,  but  I  presume 
that  what  the  author  means  is  that  in  some  places  the  strain  has  been 
reUeved  by  fracture  and  movement  while  in  others  the  rock  is  still  under 
great  compressional  stress.  This  is  quite  a  reasonable  view  anci  1  shall 
refer  to  it  later.  With  regard  to  the  larger  shocks,  or  quakes,  due  t-o  the 
failure  of  pillars  of  quartz  in  stoped  areas,  the  author  admits  tliat  they 
seem  to  owe  their  origin  partly  to  the  superincumbent  load  but  adds  that 
"their  violence  can  only  be  ascribed,  Uke  that  of  the  air  blasts,  to  some 
latent  energy  or  strain  in  the  rocks  of  this  area."  With  tbis  view  I 
do  not  agree.  If  we  have  a  pillar  of  quartz  under  great  stress  due  to 
superincumbent  weight,  and  if,  in  addition,  some  of  the  adj&cent  rock 
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IB  in  a  condition  of  intrinsic  Btrain  due  to  other  cauees,  we  may  obviously 
get  any  combination  of  a  quake  and  a  rock  burst;  the  one  may  set  the 
other  off  and  the  resulting  effects  may  be  greater  than  would  have  been 
the  case  with  either  acting  alone.  But,  in  my  opinion,  the  quake,  or 
shock  due  to  failure  of  a  pillar  under  weight,  may,  and  often  does,  take 
place  without  any  of  the  rock  concerned  being  in  a  condition  of  what  we 
may  call  intrinsic  strain,  and  therefore,  without  the  production  of  what  I 
have  defined  as  an  air  blast  or  rock  burst.  In  bo  complex  and  difficult 
a  problem  it  would  be  a  pity  to  confuse  or  obscure  any  legitimate  and 
reasonable  distinction  which  can  be  detected  among  the  very  varied 
phenomena  which  are  known  to  occur,  and  it  appears  to  me  that  Prof. 
Moore's  contention,  that  the  violence  of  the  quakes  is  really  due  to  some 
condition  of  strain  resulting  from  original  compression,  tends  to  such 
confusion  and  merely  obscures  the  issues.  In  my  opinion,  as  already 
stated,  the  quakes  are  due  simply  to  superincumbent  weight  and  their 
violence  is  a  function  of  the  natural  physical  constants  of  the  rock 
involved. 

As  an  iUuBtration  of  this  we  may  take  the  case  of  the  Rand  mines  of 
the  Transvaal  where,  in  recent  years  and  with  increasing  depth,  shoclm 
due  to  faOure  of  pillars  have  become  troublesome  and  have  been  reported 
upon  by  a  special  Commission.  In  those  mines,  rock  bursts  in  shafts, 
■  drives  or  crosscuts,  far  removed  from  stoped  areas,  are  practically  un- 
known, and  the  strained  rocks,  with  which  we  have  to  deal  at  Kolar, 
do  not  appear  to  exist.  This  is  useful  evidence  that  violent  quakes  may 
occur  as  the  result  of  pressure  due  to  weight  alone,  quite  independently 
of  strain  due  to  other  causes,  and  the  evidence  is  clearer  than  that  obtain- 
able at  Kolar  where  both  sets  of  conditions  are  frequently  associated. 
Such  association  is,  however,  no  justification  for  allowing  our  ideas  to 
become  confused. 

My  object  in  again  drawing  attention  to  the  genetic  difference  between 
rook  bursts  and  quakes  is  not  for  the  purpose  of  offering  criticism,  or  for 
the  sake  of  establishing  a  mere  academic  distinction,  but  rather  with  a 
view  to  a  practical  working  policy  in  dealing  with  these  dangerous  phe- 
nomena. When  I  started  my  investigation,  some  17  or  18  years  ago, 
rock  bursts  were  not  very  serious  features  and  little  was  done  to  guard 
against  them.  Quakes  were  comparatively  rare  and  were  regarded  as 
bigger  air  blasts  or  as  falls  of  ground.  Comparatively  little  timber  was 
put  in,  except  in  shafts  and  to  support  heavy  ground,  and  sjrstematic 
filling  of  stopes  was  practically  unknown.  The  shafts  were  nearly  all 
inclined  and  carried  down  along  the  course  of  the  quartz  veins  or  shoots, 
and  pillars  of  quartz  or  poor  rock  were  numerous  throughout  the  stopes. 
Xhe  recognition  that  pillars  were  a  source  of  danger,  which  was  bound 
to  increase  with  the  extension  of  stoping  and  with  increase  of  depth, 
led  to  a  general  change  of  policy.    Inclined  shafts  have,  in  recent  years, 
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been  carried  in  the  solid  hanging  or  footwall  rock.  In  the  case  of  several 
of  the  old  shafts,  which  had  been  smashed  up,  time  after  time,  owing 
to  the  failure  of  some  of  the  supportii^  pillars,  the  bold  step  was  taken 
of  entirely  removing  these  pillars  and  replacing  them  by  timber  and  packs 
of  waste  rock,  with  the  result  that  most  of  the  trouble  has  ceased. 

Stoping  is  planned,  as  far  as  possible,  to  avoid  the  leaving  of  smEill  pil- 
lars by  taking  out  the  ore  in  large  blocks  as  rapidly  as  possible  and  leaving 
la^e  blocks  of  untouched  ground  between  them.  In  the  leaving  of 
these  large  blocks  advantage  is  taken  of  poor  zones  between  the  payable 
shoots,  but  where  these  are  not  available  lai^  blocks  of  payable  ore  may 
be  left  for  future  exploitation. 

Systematic  filling  with  waste  rock,  some  of  which  ia  sent  dowu  from 
surface,  has  been  extensively  developed  and,  in  the  steeper  mines, 
methods  have  been  devised  for  securing  considerable  consolidation  of  the 
packing.  At  first,  it  was  customary  to  carry  a  stope  down  for  a  depth  of 
30  ft.  (9  m.)  and  then  put  in  a  stull  and  fill  the  excavation  with  waste  rock. 
Another  30  ft.  was  then  stoped  below  the  first  stull  and  a  second  stull, 
with  packing  on  top,  was  put  in.  The  final  30  ft.  was  then  taken  out 
and  similarly  packed.  The  result  of  this  method  was  that  the  three 
separate  sets  of  packii^  were  poorly  consolidated  and  afforded  little 
support  for  the  hanging  until  the  latter  had  closed  down  considerably  and 
caused  dangerous  strain  in  adjacent  pillars  or  in  the  more  massive  bands . 
of  rock  in  the  hanging  itself.  These  strains  were  relieved  by  sudden  frac- 
tures accompanied  by  severe  shocks,  the  smashing  of  heavy  timbers  and 
the  filling  up  of  levels  and  stopes  with  broken  timber  and  rock.  In  other 
words,  although  this  filling  was  doubtless  of  some  service,  and  was  pref- 
erable to  the  practical  absence  of  filling  previously  in  vogue,  it  failed  to 
prevent  a  marked  increase  in  the  number  and  intensity  of  the  quakes 
with  increase  of  depth  and  extension  of  stoped  areas. 

In  this  connection  it  may  be  as  well  to  note  that  failure  of  pillars 
under  excessive  weight  is  not  the  only  source  of  quakes,  and  it  is  remark- 
able that  quakes  have  been  much  less  frequent  in  the  Mysore  mine,  where 
the  stopes  dip  at  45°  to  50°,  than  in  the  Champion  Reef  and  Ooregum  mines 
where  the  dip  ia  from  60°  to  80°.  In  the. latter  mines  the  stress  on  pil- 
lars, due  to  weight,  will  be  very  oblique  to  the  axis  of  the  pillars,  and  fail- 
ure will  be  due,  largely,  to  shearing  forces.  Where  the  dip  is  very  steep, 
much  of  the  weight  will  go  to  produce  a  longitudinal  thrust,  in  the  direc- 
tion of  the  dip,  on  the  beds  or  bands  of  rock  in  the  hanging,  and  as  these 
vary  in  texture  and  schistosity  we  may  expect  that  some  of  the  more  mass- 
ive bands  will  take  upon  themselves  the  greater  part  of  the  burden; 
and  if  allowed  to  bend,  to  any  great  extent,  they  are  liable  to  snap  sud- 
denly with  the  result  that  a  disastrous  quake  is  produced.  The  im- 
portance of  supporting  the  hanging  as  early  as  possible  is  obvious,  and  the 
following  method  has  been  adopted,  for  some  years,  with  a  view  to  get- 
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ting  in  the  fillii^  before  any  wide  extent  of  hanging  is  exposed,  and  of 
obtaining  as  much  consolidation  as  possible, 

A  heavy  packed  stull  is  put  in  at  the  back  of  the  lower  level.  From 
the  level  above,  a  stope,  30  ft.  (9  m.)  in  length,  is  carried  down  to  the  bot- 
tom stull  as  rapidly  as  possible,  and  stuUs,  covered  with  4  by  4-in  It^ing, 
are  put  in  at  depths  of  30  and  60  ft.  to  protect  the  workers  from  loose 
fragments  or  rock  bursts  during  this  operation.  The  ends  ^re  also 
boxed  in.  When  the  stope  is  finished,  the  laggings  are  removed,  and 
sometimes  also  the  intermediate  stull  pieces,  and  waste  rock  is  shot 
down  the  whole  depth  of  the  stope  from  the  level  above.  The  next 
stope  is  similarly  treated,  and  so  on  until  the  entire  block  has  been  re- 
moved. The  method  has  proved  satisfactory  in  operation  and  there  is 
little  doubt  that  it  has  saved  many  quakes  though  it  has  by  no  means 
entirely  obviated  them.  It  is  impossible  to  get  any  filling  which  will 
take  up  its  work  at  once  without  material  shrinkage,  whether  the  filling 
be  waste  rock  or  the  water-borne  sand  which  is  now  so  largely  used  in 
the  Transvaal.  The  hanging  will  therefore  settle  down  to  an  appreci- 
able extent,  and  in  the  case  of  hard  rocks  with  low  elastic  limits  the 
pressure  will  be  unequally  and  dangerously  distributed  on  certain  pillars, 
or  the  more  solid  bands  in  the  hanging  will  reach  their  limits  of  tensile  or 
shearing  stress  and  yield  with  sudden  violence. 

Other  methods  of  stopiiig  and  filling  are  at  present  under  trial,  which  I 
will  not  refer  to  here. 

I  may  now  turn  for  a  moment  to  rock  bursts  and  endeavor  to  point 
out  how  they  differ  from  quakes,  and  to  supplement  the  illustrations  given 
by  Prof.  Moore.  There  is  no  doubt  that  they  occur  in  stopes,  but  in  such 
places  the  evidence  as  to  their  nature  and  origin  is  complicated  and  ob- 
scured by  the  occurrence  of  quakes,  falls  of  ground,  and  other  effects  of 
movement  and  superincumbent  weight.  For  more  distinctive  evidence 
we  must  go  to  drifts,  crosscuts,  and  shafts,  which  are  being  excavated  in 
solid  rock  far  removed  from  stopes,  in  which  the  superincumbent  weight 
is  merely  that  due  to  depth.  As  the  rock  bursts  have  been  known  to 
occur  at  aU  depths  from  about  600  ft.  (183  m.)  below  surface  down- 
ward, it  is  obvious  that  the  mere  weight  of  the  overlying  rock  can 
contribute  little,  if  anything;  to  the  causes  that  produce  thrae  violent 
disruptions. 

They  occur  most  frequently  in  the  quartz  of  the  veins— probably  due 
to  the  fact  that  a  greater  footage  is  driven  in  quartz  than  in  other  rock- 
but,  contrary  to  what  Prof.  Moore  states,  they  are  not  of  any  considerable 
magnitude  or  violence  in  this  material.  Occasionally  they  have  been 
known  to  occur  in  the  trap  (dolerite)  dykes  which  cut  across  the  formation 
from  east  to  west  or  north  to  south,  and  they  occur  fairly  frequently  in 
the  more  massive  hornblende  schists  and  epidiorites  which  form  the 
iria«8  of  the  country.  l  :_ -a^c ! >.  Goojjlc 
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Sometimes  they  occur  at  or  close  to  the  working  end  while  excarstioa 
is  in  progress;  more  frequently,  some  little  time  after  the  excavation  has 
been  made,  as  though  the  internal  strain  took  some,  time  to  reach  a 
critical  point,  and  occasionally  the  effect  is  delayed  until  several  years 
after  the  excavation  (such  as  a  shaft)  has  been  completed  and  used. 

The  bursts  are  quite  sporadic.  A  working  may  be  driven  for  many 
feet,  and  even  for  thousands  of  feet,  with  no  sign  of  trouble  when,  without 
warning,  a  burst  or  a  series  of  bursts  may  occur,  or  a  zone  or  patch  of 
rock  may  start  firing  itself  off  for  some  considerable  time,  and  the  working 
may  have  to  be  suspended  until  the  display  is  finished.  A  few  specific 
cases  may  be  quoted  in  illustration. 

In  driving  the  1940  level.  Champion  Reef,  annoyance  was  caused  by 
small  pieces  of  quartz  bursting  from  the  roof.  In  one  section,  where  the 
quartz  was  10  ft.  (3  m.)  wide,  the  trouble  became  so  bad  that  work  had  to 
be  stopped  and  the  quartz  fired  itself  out  in  a  wedge  extending  upward 
for  8  or  9  ft.  above  the  roof  of  the  level,  and  then  stopped.  Except  for  the 
levels  at  every  100  ft.  (30.4  m.)  there  was  no  excavation  below  this  sec- 
tion nor  for  1300  ft.  (396  m.)  above  it.  Superincumbent  weight  appears 
therefore  to  be  excluded  as  a  cause  of  these  bursts  and,  moreover,  no  such 
bursts  were  experienced  in  driving  the  1840  level  above  nor  the  2040 
level  below.  The  circumstances  appear  to  exclude  existing  regional 
compression,  also,  as  a  cause  and  suggest  that  the  bursts  were  due  to  local 
internal  strain  in  the  section  of  quartz  affected. 

Instances  of  bursts  in  the  trap  dykes  are  not  numerous.  A  couple  of 
jrears  ago  I  was  passing  along  a  level  in  the  Mysore  mine  which  was 
driven  through  a  sone  of  poor,  unstoped,  ground.  The  level  passed 
through  a  transverse  dyke  of  a  few  yards  in  width,  the  surface  of  which 
was  much  cracked,  owing,  doubtless,  to  long  exposure.  It  looked  safe 
enough  and  I  dug  out  a  piece  as  a  specimen.  I  had  not  proceeded  more 
than  10  yards  or  so  along  the  level  when  there  was  a  loud  bang  and  about 
100  lb,  of  the  dyke  was  thrown  out  across  the  level.  I  was  told  that 
similar  bursts  had  occurred  in  this  dyke  on  previous  occasions. 

A  severe  burst  occurred  in  Gifford's  shaft.  Champion  Reef,  at  a  depth 
of  less  than  1000  ft.  (305  m.)  from  surface.  It  is  a  vertical,  circular 
shaft,  lined  with  brick,  and  was  being  sunk  in  solid  rock  some  thousands 
of  feet  from  any  mine  workings.  Its  depth,  at  the  time,  was  1090  ft. 
(332  m.),  the  brick  lining  was  down  to  34  ft.  (10.3  m.)  from  the  bottom, 
and  no  bursts  or  other  trouble  had  been  experienced.  On  the  day  in 
question,  the  exposed  surface  below  the  bricking  was  carefully  cleaned  . 
down  and  all  loose  removed.  The  stage  was  lowered  and  drilling  started. 
About  20  min.  afterward  there  was  a  loud  report,  accompanied  by  shock, 
and  some  80  tons  of  rock  burst  from  the  west  side  and  fell  into  the  sink. 
In  this  case  the  depth  from  surface  was  small  and  the  noise  and  shock, 
which  are  stated  to  have  been  heard  and  felt,  are  against  the  explanation 
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that  the  occurrence  was  merely  the  breaking  way  of  a  large  masa  of  loose 
material. 

We  may  next  take  a  case  in  which  there  could  be  no  suggestion  that 
the  burst  was  due  to  a  fall  of  loose.  Carmichael's  shaft,  Champion  Reef, 
was  being  sunk,  on  the  underlie,  at  a  depth  of  4700  ft.  from  surface 
{nearly  4000  ft.— 1219  m.— vertical).  The  hanging-wall  of  the  shaft 
was  timbered  and  la^y^  to  within  10  or  12  ft.  of  the  sink.  On  the 
footwall  the  skip  road  had  been  completed  to  within  25  ft.  of  the  bottom 
and  below  that  bearers  had  been  put  in.  A  severe  burst  then  occurred, 
accompanied  by  a  shock  which  was  felt  and  registered  at  surface.  The 
footwall  was  broken  up  for  50.ft.  (15  m.)  above  the  bottom,  many  tons  of 
rock  were  thrown  up  and  fell  to  the  bottom  of  the  shaft  and  the  skip 
road  and  timbers  were  much  damaged.  Neither  the  hanging,  nor  its 
timbers,  nor  the  sides  of  the  shaft  showed  the  least  evidence  of  disturbance 
or  injury.  The  shaft  was  well  within  the  solid  hanging,  some  70  ft.  west 
of  the  lode,  and  there  was  no  stoping  or  excavation  (except  the  shaft 
itself  and  its  crosscuts)  within  1000  ft.  (305  m.)  of  the  point  wherfe  the 
burst  occurred.  Moreover,  no  trouble  of  this  kind  had  been  experienced, 
previously,  during  the  sinking  of  the  shaft.  All  the  circumstances  point 
to  intense  local  strain  in  some  particular  mass  of  rock  at  the  point  where 
the  burst  occurred. 

One  more  case  may  be  given,  in  which  the  burst  occiured  several 
years  after  the  shaft  had  been  completed.  Garland's  shaft.  Champion 
Beef,  is  an  underlie  shaft  the  upper  portion  of  which  followed  the  lode 
and  was  therefore  surrounded  by  pillars  and  stopes  and  had  suffered, 
from  time  to  time,  from  quakes.  In  the  lower  levels  it  passed  into  the 
sohd  hanging  and  at  the  point  where  the  burst  occurred  it  was  70  ft. 
(21  m.)  west  of  the  lode  in  solid  rock.  Little  trouble  had  been  experienced 
in  the  portion  carried  with  the  hanging  wall.  About  noon  of  the  day  in 
question  I  had  occasion  to  pass  up  the  shaft,  from  the  35th  to  the  30tfa 
level,  in  company  with  Mr.  Henry  Gifford,  the  superintendent  of  the 
mine,  and  we  were  discussing  the  satisfactory  results  of  keeping  these 
shafts  well  within  solid  rock  and  away  from  the  stopes.  The  shaft  was 
fully  timbered  with  square  seta  and  complete  lagging  and  the  timbers 
showed  no  sign  of  pressure  or  movement.  A  few  hours  later  a  severe 
burst  occurred  between  the  32d  and  34th  levels;  I  myself  felt  the  shock 
at  a  distance  of  nearly  2  miles  from  the  shaft  and  the  shock  was  duly 
recorded  on  the  seismographs  at  Ooregum.  I  went  down  next  morning 
and  found  that  the  footwall  of  the  shaft  had  burst  for  some  30  or  40  ft. 
above  the  33d  level;  the  9-in.  timbers  were  smashed  and  thrown  into  the 
shaft  along  with  tons  of  broken  rock.  Further,  a  considerable  portion 
of  the  hanging  below  the  33d  level  was  also  blown  out  and  the  timbers 
and  lagging  smashed.  Probing  with  a  stick  showed  that  the  roof  of  the 
shaft  had  been  blown  out  to  a  height  of  some  8  ft.  (2.4  m.)  above  the 
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original  timbers.  There  was  a  crosscut  from  the  shaft  and  a  level  and 
some  stopes  70  ft.  (21  m.)  east  of  it,  and  in  these,  beyond  the  shaking 
down  of  some  pieces  of  loose,  there  were  no  signs  of  movement  or  fracture. 
In  this  case,  also,  the  bursts  appear  to  have  been  due  to  the  release  of 
intense  local  strain  within  the  solid  rock  without  any  evidence  of  pressure 
or  movement  in  the  immediate  environment. 

The  foregoii^  cases  will  serve  to  show  the  character  of  these  rock 
bursts,  which  appear  to  be  more  frequent  and  violent  in  the  Kolar 
mines  than  anywhere  else.  It  does  not  seem  possible  to  surest  any 
means  of  preventing  their  occurrence,  but  a  great  deal  has  been  done  to 
protect  workmen  against  the  more  numerous  bursts  which  are  not  of 
exceptional  violence.  In  vertical  shafts  a  movable  protective  shield  is 
provided  below  the  point  to  which  the  brick  lining  has  been  put  in.  In 
underlie  shafts  and  in  many  winzes,  drives  and  crosscuts,  either  perma- 
nent or  temporary  timbering  is  carried  as  close  to  the  working  faces 
as  possible.  When  a  patch  of  ground  which  shows  a  tendency  to  burst 
is  being  driven  through,  work  is  frequently  suspended  to  give  the 
strains  a  chance  to  relieve  themselves.  Some  bursts  are  so  unexpected 
or  so  violent  that  no  amount  of  care  or  protection  is  of  any  use  and  regret- 
ably  large  loss  of  life,  or  injury,  occasionally  occurs.  Etficieney  of 
protection  must,  however,  be  judged  by  average  results  and,  considering 
the  large  number  of  quakes  and  rock  bursts  which  occur,  the  average 
results  must  be  regarded  as  indicating  a  considerable  measure  of  success 
which  will,  I  hope, still  be  increased.  For  some  years  past  a  well-equipf»ed 
seismological  observatory  has  been  installed  on  the  field  by  the  mining 
companies  under  the  management  of  Messrs.  John  Taylor  &  Sons. 
This  is  in"  charge  of  H.  M.  A.  Cooke,  Superintendent  of  the  Oor^um 
Company,  who  has  devoted  much  time  and  ability  to  securing  records  and 
subjecting  them  to  critical  scrutiny.  The  number  of  shocks  recorded 
depends  on  the  adjustments  of  the  instruments,  and  for  some  years 
past  they  have  varied  from  about  13,000  to  over  17-000  per  annum 
— the  tendency  being  toward  an  increase.  In  the  majority  of  shocks 
the  displacement  of  the  stylus  is  less  than  1  mm.,  representing  a  rock 
movement  of  about  0.01  mm.  In  a  few  cases  the  movement  of  the 
stylus  is  greater,  up  to,  if  I  remember  correctly,  about  7  mm.  The 
period  of  vibration  is  too  short  to  permit  the  recording  of  any  wave 
motion,  and  the  stylus  rfiakes  a  single  tick,  the  length  of  which  is  taken 
as  an  indication  of  the  violence  of  the  shock. 

Of  the  shocks  recorded,  about  2  per  cent,  are  reported  as  having  been 
felt  and  of  these  less  than  10  per  cent,  are  usually  classed  as  heavy.  In 
other  words  some  250  to  300  shocks  are  felt  during  a  year,  of  which  15 
to  25  are  classed  as  heavy.  The  exact  location  of  the  majority  of  the 
shocks  felt,  and  of  many  of  the  heavy  ones,  is  never  discovered;  probably 
they  occur  in  sloped  out  and  abandoned  areas. 
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Afl  to  the  causes  of  the  shocks,  I  believe  that  tbey  are  many  and  varied 
and  that  each  requires  to  be  examined  and  discussed  on  its  merits  before 
any  sound  conclusion  can  be  drawn. 

I  have  defined  .quakes  as  fractures  or  ruptures  of  pillars  or  other 
masses  which  are  called  upon  to  support  a  superincumbent  weight '  in 
excess  of  their  limits  of  endurance.  These  weights  are  not  due  to  great 
depth,  but  depend  upon  the  extent  to  which  the  adjacent  support  has  been 
removed  by  stopii^  operations,  while  the  sudden  violence  of  the  shock  is  a 
function  of  the  physical  constants  of  the  mass  of  rock  involved.  I  am 
satisfied  that  this  is  a  genuine  and  sufficient  cause  and  that  it  is  unneces- 
sary to  conclude  that  the  rock  is  under  any  additional  stress  due  to  other 
causes.  Such  additional  (intrinsic)  strain  may  or  may  not  be  present 
in  any  given  case  and  may  add  to,  or  perhaps  even  detract  from,  the 
net  result,  but  it  is  not  an  essential  feature. 

In  the  case  of  rock  bursts,  exactly  the  opposite  would  appear  to  hold 
good.  The  cases  quoted  seem  to  show  that,  in  places,  the  rock  is  in  a  con- 
dition of  intrinsic  strain  which  is  practically  independent  of  the  pressure 
due  to  depth  or  to  the  removal  of  support  by  extensive  excavation.  The 
origin  of  such  strains  and  their  sporadic  character  are  undoubtedly 
difficult  problems.  Prof.  Moore  regards  them  as  due  to  great  comprefr* 
sive  stresses  in  former  times  and  considers  that  the  rocks  are  still  under 
great  compression.  He  suggests  that  the  strains  may  have  been  partially 
relieved,  or  distributed,  by  movement,  but  portions  of  highly  squeezed 
and  strained  rock  remain  which  are  liable  to  burst  disruptively  when 
encountered  in  the  mine  workings.  This  is  practically  the  view  put 
forward  some  16  years  ago  by  Mr.  Bosworth-Smith,  and  I  am  by  no  means 
prepared  to  deny  that  such  highly  squeezed  patches  may  exist. 

I  am  not,  however,  prepared  to  admit  that  these  rocks  are,  on  the 
whole,  under  great  compression  at  the  present  time,  as.  asserted  by 
Prof.  Moore,  and  I  know  of  no  evidence  to  support  such  a  view.  No 
doubt  they  were  highly  compressed  when  the  schists  were  folded,  as 
well  as  irfter  the  introduction  of  the  quartz  veins  which  are  crashed, 
faulted  and  intersected  by  great  faults  with  slickensided  walls.  Much  of 
the  pressure  and  movement  probably  accompanied  the  intrusion  of  the 
Peninsular  gneiss  in  Archaean  times,  and  since  Archaean  times  there  is 
no  evidence  of  pressure  or  differential  movement  in  the  rocks  of  the 
State.  In  Pre-Cambrian  times  the  rocks,  both  schist  and  gneiss,  were 
penetrated  by  a  great  series  of  dolerite  dykes  which  traverse  them  in 
east  and  west  and  north  and  south  directions.  The  walls  of  the  dykes 
show  no  signs  of  faulting,  breociation  or  slickensides,  and  the  dykes  show 
no  signs  of  pressure,  faulting  or  folding.  It  seems  probable  that  the 
dykes  welled  quietly  into  a  great  rectai^ular  series  of  contraction  rifts 
due  partly  to  contraction,  resulting  from  the  cooling  of  the  great  mass . 
of  the  Peninsular  gneiss,  and  partly  to  buoyancy  which  accompanied  ex- 
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tensive  denudation.  Since  that  time,  denudation  has  continued  uninter- 
ruptedly and  many  thousands  of  feet  of  schht  and  gneiss  must  have  been 
removed  with  consequent  relief  of  compression,  which  would  be  further 
relieved  by  secular  cooling  and  shrinkage  as  the  depth  from  surface  was 
reduced. 

In  the  absence  of  any  evidence  of  existing  regional  compression,  it 
seems  reasonable  to  conclude  that  the  ordinal  compression  which  pro- 
duced folding,  faulting,  slickensides,  etc.  has  been  largely,  though 
unevenly,  relieved.  If  some  portions  of  rock  still  remain  in  a  state  of 
squeeze  it  is  open  to  doubt  if  they  would  burst  out  in  large  pieces,  though 
some  Bhaling  might  occur,  as  in  the  case  of  pillars  under  great  weight. 
If  there  are  residual  strains  remaining  from  the  period  of  great  com- 
pression and  folding  it  is  probable  that  the  more  important  of  these  are 
connected  with  the  bending  of  the  more  massive  layera  and  local  in- 
equalities of  adjustment.  Parts  of  the  rock  will  be  in  tension  and  parts 
in  compression  and  the  former  will  be  those  to  give  way  first  and  most 
frequently.  There  may  also  be  bending  moments  due  to  the  r^onal 
elevation  of  the  Mysore  Plateau,  though  we  have  no  evidence  of  this  at 
the  present  time,  or  there  may  be  a  certain  amount  of  stretching  due  to 
buoyancy  resulting  from  the  removal  of  a  great  superincumbent  layer. 
If  we  add  the  shrinkage  due  first  to  the  cooling  of  lai^e  igneous  masses 
of  gneiss  and  later  to  reduction  of  temperature  from  degradation  of 
the  surface,  there  appears  to  be  ample  opportunity  for  the  production  of 
tensional  strain,  which  will  be  locally  and  variably  distributed  according 
to  the  varying  character  of  the  rock  layers  and  the  local  adjustments 
previously  effected.  Such  earlier  adjustments  are  suggested  by  the 
cross  joints  filled  with  calcite  and  quartz,  and  present-day  adjustments, 
apart  from  the  rock  bursts  themselves,  are  suggested  by  the  frequent 
tendency  of  the  footwall  to  loosen  itself  in  large  rectangular  blocks  and  the 
occasional  occurrence  of  fissures  in  both  the  foot  and  hanging  walls  which 
show  no  tendency  to  close.  It  may  be  that  the  excavation  of  the 
mine  workings,  followed  by  lowering  of  temperature  due  to  ventilation  or 
compressed  air,  is  often  the  last  straw  which  carries  the  tensile  strain  past 
the  critical  moment. 

I  have  pointed  out  that  these  rock  bursts  occur  in  the  trap  dykes 
and  that  there  is  no  suggestion  or  evidence  that  the  dykes  have  been 
subject  to  compression  since  their  solidification.  On  the  other  hand,  we 
cannot  doubt  that  they  have  cooled  and  contracted  and  as.  they  are 
firmly  frozen  to  the  enclosing  rock  it  is  probable  that  they  are  under  ten- 
sion, with  a  tendency  to  shrink  and  rupture  when  the  enclosii^  envdope 
is  pierced.  I  do  not  suggest  that  the  tendency  of  the  dykes  to  contract 
produces  a  condition  of  tension  in  the  schists,  but  the  fact  that  rock 
bursts  occur  in  them  suggests  that  the  similar  phenomena  in  the  crys- 
talline schists  may  likewise  be  due  to  tensional  stresses  in  spite  of  the  fact 
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that  sohiste  were,  obviously,  at  one  time  under  great  compression.  I 
have  endeavored  to  show  that  the  compreesion  of  the  schists  as  a  whole 
does  not  preclude  a  state  of  tension  in  some  members,  and  that  there 
are  grounds  also  for  believing  that  active  compression  has  long  ceased 
and  that  the  rocks  have  since  been  subject  to  contraction  and  stretching. 
In  conclusion,  I  may  state  that  this  note  has  been  written  while 
travelling  and  that  figures  given  are  quoted  from  memory  and  may  be 
subject  to  some  revision;  they  are,  however,  substantially  correct,  I 
.fear  I  may  have  exceeded  the  customary  limits  of  discussion  but  I 
trust  that  the  more  recent  details  which  I  have  been  able  to  furnish  may 
add  to  the  interest  and  value  of  Prof.  Moore's  paper. 


Electrostatic  Precqtitation 

Discussion  of  the  paper  of  O.  H.  E^scbholx,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BuiMin  No.  UO,  August,  1918,  p.  1293. 

GerasdB.  RosEKBLATT,*SaltLake  City,  Utah  (written  discussionf). 
— Mr.  Eschholz  attacks  this  problem  from  what  appeara  to  me  to  be  the 
proper  angle.  He  does  not  limit  his  viewpoint  to  the  attainment  of 
ideal  results  under  conditions  approximating  laboratory  practice,  but 
rather  discusses  actual  commercial  conditions  that  must  be  maintained 
in  large-scale  operations,  where  continuity  of  service  without  expert 
attendance  is  one  of  the  prime  considerations. 

I  am  of  the  opinion  that  Mr.  Eschholz  has  not  given  sufficient  con- 
sideration to  the  commercial  possibilities  of  what  he  describes  as  System 
B,  the  use  of  low-tension  a.-c.  industrial  or  lighting  circuits  for  supplying 
power  to  Cottrell  treaters  through  the  medium  of  a  step-up  transformer 
and  a  synchronously  driven  rectifier,  without  the  use  of  motor-generators. 
It  is  true  that,  to  date,  few  installations  on  a  large  scale  have  used  this 
system,  but  I  believe  that  when  the  conditions  of  power  supply  are  suit- 
able, and  when  proper  precautions  are  taken,  this  system  can  be  used 
successfully  and  to  advantage  where  at  present  it  is  considered  necessary 
to  use  motor-generator  sets. 

In  the  average  commercial  Cottrell  inst^lation  of  any  size,  the 
motor-^nerator  set  is  used  for  two  purposes: 

(1)  To  isolate  the  industrial  supply  circuit  from  the  Cottrell  circuit. 

(2)  To  afford  an  easOy  operated  and  smooth  system  of  control  for 
the  Cottrell  treater  voltage. 

With  proper  engineering,  both  of  these  objects  can  be  accomplished 
without  the  use  of  motor-generator  sets. 


*  Electrical  Engine 
t  Received  Aug.  I) 
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Id  isolatii^  the  industrial  circuit  from  the  low-tension  Cottrell 
circuit,  the  motor-generator  set  performs  two  functions;  it  eliminates 
or  at  least  damps  the  effect  of  irregularities  of  voltage  in  the  industrial 
supply  circuit  upon  the  voltage  of  the  Cottrell  circuit;  and  it  prevents 
disturbances  in  the  Cottrell  circuit  from  being  reflected  back  to  the 
industrial  circuit. 

If  the  voltage  regulation  of  the  industrial  supply  circuit  is  good,  then 
the  first  function  of  the  motor-generator  set  is  unnecessary.  Many 
central  stations  and  many  of  our  larger  industrial  plants,  smelters,  cement 
works,  and  the  like,  maintain  voltage  regulation  which  is  altogether 
adequate  for  direct  supply  to  the  Cottrell  transformer.  Even  if  they 
do  not,  it  may  prove  in  many  cases  that  a  small  automatic  induction 
regulator  of  the  type  commonly  used  in  lighting  systems  may  remedy 
most  of  the  deficiencies  in  voltage  regulation.  It  is  a  matter  of  balancing 
dollars  and  cents  to  determine  whether  such  a  regulator  is  justified. 

As  to  the  reflection  of  Cottrell-circuit  disturbances  to  the  industrial 
circuit,  this  also  can  be  guarded  against  by  the  proper  precautions.  The 
disturbances  that  are  apt  to  emanate  from  the  Cottrell  circuit  may  gen- 
erally be  classified  as  follows: 

(1)  The  creation  of  disturbing  harmonics  by  the  parallel  operation  of 
synchronously  driven  mechanical  rectifiers,  which  rectifiers  cannot  be 
set  so  that  they  make  and  break  contact  at  exactly  the  same  point  in 
each  cycle. 

(2)  The  effect  of  maintained  short-circuits  on  the  high-tension  side 
of  the  step-up  transformer,  usually  in  the  treater  tubes  themselves. 

(3)  The  reflection  of  high-voltage  surges  from  the  highitension  treater 
circuit  to  the  low-tension  side  of  the  transformer. 

The  harmonics  created  by  the  parallel  operation  of  mechanical  rec- 
tifiers can  be  cared  for  in  a  number  of  ways.  If  the  total  capacity  of 
the  supply  circuit  is  large  in  comparison  with  the  energy  taken  by  the 
Cottrell  system,  these  harmonics  are  readily  absorbed  and  cause  no 
trouble  whatever.  This  has  been  quite  definitely  brought  out  by  cer- 
tain oscillograph  investigations  which  have  been  conducted  with  an 
installation  of  approximately  100  k.v.a.  of  Cottrell  equipment  in  a  western 
smelter.  If,  however,  it  is  desirable  to  absorb  these  harmonics,  it  can  prob- 
ably be  accomplished  by  one  of  several  methods,  none  of  which  has  yet 
received  adequate  investigation.  One  of  these  methods  is  to  supply  a 
damping  winding  in  the  step-up  Cottrell  transformer.  Another  is  the 
possibiUty  of  using  a  selective  resistor  which  can  be  constructed  to  have 
very  much  higher  impedance  for  abnormal  frequencies  than  for  the 
proper  operating  frequency.  Another  possibility  is  a  synchronous  impe- 
dance connected  to  and  operated  from  the  mechanical  rectifier.  Admit- 
tedly, all  of  these  remedies  for  the  absorption  of  harmonics  introduce 
complications  in  the  circuit,  but  with  proper  development  it  is  very  pos- 
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fiible  that  these  complications  may  be  reduced  to  such  an  extent  that ,  from 
an  operating  point  of  view,  they  will  be  negligible. 

The  effect  of  maintained  short-circuits  may  be  counteracted  exactly 
as  in  the  use  of  motor-generator  sets;  that  is,  by  proper  mechanical  rec- 
tifier backed  up  by  adequate  circuits-breakers. 

The  reflection  of  high-voltage  surges  is  also  readily  prevented  by  sim- 
ple, permanently  adjusted,  immobile  apparatus  such  as  small  condensers 
connected  between  line  and  ground,  with  possibly  the  addition  of  a  safety 
spark  gap.  Condensers  are  now  used  for  this  purpose  with  most  motor- 
generator  installations. 

With  proper  protective  equipment,  the  life  hazard  mentioned  by  Mr. 
Escbholz  is  certainly  no  greater  when  using  an  industrial  circuit  supply 
for  the  Cottrell  transformer  than  when  using  motor-generator  sets. 

The  control  of  treater  voltage  when  using  an  industrial  circuit  to 
supply  the  Cottrell  transformer  direct  is  probably  not  quite  so  accurate 
as  when  using  motor-^nerator  sets,  but  it  is  sufficiently  fine  for  many 
commercial  applications,  and  the  advantages  of  eliminating  the  motor- 
generator  sets,  even  at  a  sacrifice  in  fineness  of  control,  should  certainly 
receive  consideration  in  many  instances. 

The  maintenance  of  heavy  eiu:rent  through  variabk  resistance  con- 
tacts is  not  so  serious  if  the  contacts  are  properly  designed  and  if  the 
voltage  difference  between  adjacent  contacts  is  kept  low.  It  has  been 
found  that  what  burns  contacts  on  the  series  rheostat,  in  the  low-tension 
of  a  Cottrell  circuit,  is  not  the  current  carried  by  the  contacts  but  the  arc. 
formed  when  the  contact  arm  is  moved  from  one  contact  to  another. 
Admittedly,  this  means  a  rheostat  having  a  considerable  but  not  an  in- 
ordinately great  number  of  steps. 

Under  commercial  operating  conditions,  I  question  whether  the  power 
losses  would  be  very  different  in  a  system  using  industrial  power  supply 
than  in  one  of  individual  motor-generator  sets.  The  losses  in  the  series 
adjusting  resistance,  and  in  the  synchronous  motor  for  driving  the 
rectifier,  probably  would  average  about  the  same  as  the  combined  losses 
in  the  motor-generator  set,  including  those  entailed  in  the  excitation  of 
the  Cottrell  generator.  Anyway,  in  a  commercial  plant,  power  required 
for  electrical  precipitation  is  a  small  portion  of  the  expense  of  operating, 
and  if  one  system  did  take  10  per  cent,  more  power  than  another,  it  would 
be  difficult  to  find  its  effect  in  the  actual  cost  per  ton  of  dust  recovered. 

The  ha!!ard  of  plant  shut-down,  which  might  be  caused  by  a  treater 
disturbance  in  case  industrial  power  is  used  directly  on  the  low-tension 
of  the  Cottrell  transformer,  is  the  one  point  that  cannot  be  decided  until 
some  large  commercial  installation,  omitting  motor-generator  sets,  is 
actually  made  and  operated  for  a  considerable  period  of  time.  I  think 
that,  with  proper  consideration  of  the  points  previously  mentioned,  this 
hazard  would  not  be  serious. 
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The  forgoing  has  been  mainly  confined  to  the  diaadvant^es  charged 
against  the  omission  of  motor-generator  sets  in  a  commercial  Cottrell 
installatioD,  The  advantages  of  omitting  the  motor-generator  sets  are 
worthy  of  mention;  they  are: 

(1)  Less  space  required  for  electrical  equipment. 

(2)  Leas  apparatus  to  buy  and  care  for. 

(3)  Smoother  operation  if  the  power  supply  has  proper  characteristics. 

(1)  Any  tentative  plant  layout  will  prove  the  space  economy  of  omit- 
ting the  motor-generator  sets,  even  considering  the  increased  space  re- 
quired for  the  switchboard  installation  and  admitting  the  fact  that  the 
rectifier,  whether  driven  from  a  motor-generator  set  or  a  little  synchro- 
nous motor,  occupies  a  large  proportion  of  the  floor  area  required  by  all 
rotating  machinery. 

(2)  The  omission  of  the  motor-generator  set  decreases  the  first  cost 
of  the  apparatus  but,  as  well  pointed  out  by  Mr.  Eschholz,  electrical 
apparatiis  is  the  small  end  of  the  first  cost  of  the  treater,  and  I  would  not 
lay  too  much  stress  on  a  sUght  reduction  in  first  cost  of  electrical  appara- 
tus. The  matter  of  maintenance  and  attention  is  of  somewhat  more 
importance,  and  I  think  that  it  will  be  found  that  maintenance  of  rheostat 
contacts  and  synchronous  motor  bearinj;s  will  be  less  than  that  of 
motor-generator  sets  with  collector  rings  and  with  exciters  having  com- 
mutators. However,  the  actual  cost  of  maintenance,  in  dollars,  may 
not  differ  greatly  because  an  attendant  is  necessary  in  most  Cottrell 
installations,  and  he  usually  has  spare  time  to  devote  to  keeping  any 
simple  design  of  machine  in  good  shape.  I  believe,  however,  that  shut- 
down due  to  machine  trouble  will  be  probably  less  if  motor^enerator 
sets  are  eliminated. 

(3)  The  question  of  smooth  operation  if  industrial  power  supply 
is  used  direct  for  the  Cottrell  transformers  depends  entirely  on  the  char- 
acteristics of  that  supply.  If  the  wave  form  is  right,  if  the  voltage  r^u- 
lation  is  good  enough,  and  if  the  capacity  behind  the  plant  is  sufficient, 
experience  has  shown  that  smooth  operation  in  the  Cottrell  treater  fol- 
lows. If  these  conditions  do  not  exist,  then  operation  with  industrial 
power  supply  will  be  very  much  more  troublesome  than  if  motor-^nera- 
tOF  sets  are  used.  For  this  reason,  the  elimination  of  motor-generator 
sets  from  the  installation  for  a  Cottrell  treater  cannot  always  be  properly 
recommended;  I  contend  merely  that  in  many  places  industrial  power 
could  advantageously  be  used  direct. 

In  any  event,  for  a  commercial  installation,  either  the  motor-generator 
set  with  mechanical  rectifiers  and  step-up  transformers,  or  industrial 
power  supply  direct  to  the  st«p-up  transformer  with  synchronously  driven 
mechanical  rectifiers,  would  seem  far  more  satisfactory  than  any  system 
which,  in  order  to  eliminate  the  mechanical  rectifier,  introduces  intricate 
and  as  yet  not  thoroughly  developed  electrical  equipment.     If  the  Cot- 
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trell  process  is  installed  in  a  plant  to  make  money  from  the  product  re- 
covered, then  the  apparatus  used  must  be  of  the  simplest,  moet  rugged, 
and  most  highly  developed,  type- 


The  Byproduct  Coke  Oven  and  Its  Products 

Diecuatdon  of  the  paper  of  W.  H.  Bwuvelt,  presented  »t  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  Bulletin  No.  135,  March,  1918,  pp.  597  to  614. 

A.  K.  McCoSH,  Coatbridge,  Scotland  (written  discussion*). — It  is 
well  known  In  Great  Britain  that  oven  operators  in  the  United  States 
have  been  able  to  reduce  the  coking  time  much  below  European  standards 
by  the  employment  of  higher  temperatures.  Our  linings  have  always 
been  the  factor  that  has  prevented  our  doing  the  same,  and  it  would  be 
of  much  interest  to  coke-oven  operators  here  if  Mr.  Blauvelt  would  give  a 
typical  analysiB  of  the  bricks  his  company  uses  for  the  linings  of  its  ovens, 
and  if  he  could  see  his  way  to  send  me  a  sample  so  that  I  could  have  the 
texture  examined,  I  should  personally  be  very  much  obliged. 

The  lining  brick  which  my  company  has  found  most  successful  is  of 
a  ganister  variety,  and  has  the  following  analysis:  Silica,  80.8  per  cent.; 
alumina  and  iron  oxide,  17.8  per  cent.;  lime,  0.8  per  cent.;  magnesia, 
0.07  per  cent.;  but  with  this  brick  the  least  carelessness  on  the  gas 
regulator's  part  may  destroy  the  linii^. 

It  would  also  be  of  interest  if  Mr.  Blauvelt  could  give  the  temperatures 
of  the  air  leaving  these  generators  and  also  of  the  oven  flues. 

I  should  be  glad  to  know  the  life  of  the  linings  operated  at  these 
h^h  temperatures.  I  have  known  oven  linings  to  last  as  long  as  10  years, 
and,  in  our  case  ,if  any  lining  fails  before  the  end  of  seven  years  we  consider 
that  it  has  done  badly.  This  is  with  washed  coal  containing  about  12  to 
15  per  cent,  of  free  moisture,  and  charged  by  compressing  machines. 

As  regards  the  size  of  ovens,  the  width  and  lengths  given  by  Mr. 
Blauvelt  are  much  the  same  as  in  this  country,  and  the  additional  ca- 
pacity is  obtained  by  increasing  the  height.  At  a  great  number  of  the 
plants  on  this  side,  the  coal  is  compressed  before  charging,  and  the  maxi- 
mum height  of  the  chaise  is  about  7  feet. 

It  would  be  interesting  to  know  whether  compressed  charges  are  ever 
Used  in  America  and  whether  you  find  it  feasible  to  compress  a  charge 
for  an  oven  12  ft.  high. 

Has  the  construction  of  ovens  longer  than  36  ft.  ever  been  considered, 
and  what  is  thought  to  be  the  limiting  factor  in  this  dimension? 

•  Received  Sept.  3,  I9I8. 
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Possible  Existence  ol  Deep-seated  Oil  Deposits  on  the  Gulf  Coast 

DiscuBsion  of  the  paper  of  A.  F.  Lucab,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BviUin  No.  139,  July,  1918,  pp.  1119  to  1134. 

G.  Shbbbubnb  Roqers,*  Washington,  D.  C.  (written  discussionf). — 
We  are  indebted  to  Captain  Lucae  for  an  interesting  contribution  to  the 
literature  of  the  salt-dome  oil  fields,  and  especially  for  his  suggestion 
that  a  more  a^ressive  method  of  prospecting  be  adopted.  The  occa- 
sional discovery  of  new  fields  on  the  Gulf  Coast  is  in  itself  sufficient  to 
show  that  the  oil  possibilities  of  the  region  are  by  no  means  exhausted, 
and  those  who  have  studied  the  area  most  thoroughly  are  the  most  opti- 
mistic r^arding  its  future.  Nevertheless,  the  search  for  new  fields,  accord- 
ing to  present  methods,  involves  the  expenditure  of  great  sums  of  money 
annually,  for  the  proportion  of  dry  holes  to  producing  wells  drilled  yeariy 
in  the  Gulf  Coast  region  is  much  greater  than  in  moat  areas,  even  if  all 
the  wells  drilled  in  what  is  commonly  regarded  as  proved  territory  are 
included.  Not  only  are  the  present  methods  of  locating  new  domes  very 
uncertain,  but  when  a  dome  is  discovered  there  is  no  assurance  that  it 
will  be  oil-bearing;  or,  if  so,  whether  the  oil  occurs  in  the  cap-rock,  in  the 
sands  above  it,  or  in  some  small  isolated  lens  of  sand  far  down  on  the  flanks 
of  the  salt  mass.  As  Captain  Lucas  points  out,  about  all  we  positively 
know  is  that  the  domes  are  there  and  that  some  of  them  are  oil-bearing; 
their  origin  is  a  matter  of  controversy  and  the  original  source  of  the  oil 
is  conjectural.  Under  these  conditions,  it  is  not  surprising  that  the  search 
for  oil  is  conducted  more  or  leas  blindly  and  that  dry  holes  are  common. 

Many  wells  are  drilled  each  year  in  an  endeavor  to  find  oil  at  depths 
of  2000  or  3000  ft.  (609  to  914  m.)  or  less,  in  locations  which  most  geolo- 
gists would  condemn  without  hesitation.  As  Captain  Lucas  suggests, 
the  money  spent  in  this  way  might  be  used  to  far  better  advantage  in 
drilling  one  deep  well  in  a  carefully  selected  locahty.  Opinions  may  dif- 
fer as  to  whether  such  a  well  would  find  oil,  and  many  geologists  will 
probably  believe  that  the  chances  are  against  it,  yet  all  will  agree  that 
the  boring,  whether  it  finds  oil  or  not,  will  probably  throw  light  on  the 
origin  of  the  domes  and  on  the  source  and  mode  of  accumulation  of  the 
oil,  and  will  therefore  be  of  great  interest,  not  only  to  the  scientist,  but 
to  the  oil  operator. 

Our  opinion  of  the  chance  that  a  deep  well  would  have  of  finding  new 
reservoirs  of  oil  depends  on  our  conception  of  the  origin  and  course  of 
migration  of  the  oil.  I  cannot  concur  in  Captain  Lucas'  belief  that  the 
domes  are  due  directly  to  volcanic  activity,  and  that  the  oil  is  of  inorganic 

•  Geologist,  U.  S.  Geol.  Survey, 
t  Received  Sept.  3,  1918. 
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origin.  In  my  opinion,  the  facts  indicate  that  the  Bait  has  been  squeezed 
up  under  the  influence  of  pressure  from  deep-«eated  salt  beds  and  that  the 
domes  are  themselves  salt  plugs  or  laccoliths  rather  than  the  product 
of  igneous  plugs  or  laccoliths  below.  ^  According  to  either  view,  however, 
or  to  any  of  the  numerous  other  theories  extant,  it  is  evident  that  a 
line  of  communication,  or  at  least  of  weakness,  exists  between  the  general 
horizon  at  which  the  oil  is  now  found  and  very  much  deeper  and  older 
beds. 

Most  geologists  agree  that  the  oil  did  not  originate  in  the  beds  in  which 
it  now  occurs,  and  believe  that  it  has  migrated  up  from  the  older  strata. 
Many,  however,  consider  that  the  migration  has  been  a  short  one,  and 
at  Humble,  for  example,  there  is  a  good  reason  to  believe  that  the  oil 
originated  in  the  lower  Tertiary  Yegua  formation  which  immediately 
underlies  the  deep  oil  sands.  On  the  other  hand,  there  are  several  hori- 
zons in  the  Oetaceoiis  which  are  petroliferoiis  in  northern  Texas  and 
Louisiana,  and  the  Carboniferous  horiions  of  the  Mid-continent  field 
are,  of  course,  extremely  rich.  Cretaceous  rocks  are  known  to  underlie 
the  salt-dome  region,  and  there  is  every  reason  to  suppose  that  Carbonif- 
erous formations  are  also  present;  whether  or  not  these  formations  con- 
tain oil  is,  of  course,  conjectural.  If  they  ever  were  petroliferous  in  this 
F^on  the  oil  must  either  have  ascended  along  the  salt  core  and  collected 
on  the  salt  domes  or  in  some  convenient  reservoir  en  route,  or  it  must  still 
be  present  in  the  deeper  formations  today. 

It  might  be  argued  that  the  pressures  and  temperatures  to  which  the 
lower  Cretaceous  and  Carboniferous  rocks  are  now  subjected  would  have 
resulted  in  the  cracking  and  destruction  of  whatever  oil  they  may  have 
contained.  It  appears,  however,  that  unless  the  gaseous  products  of 
cracking  are  permitted  to  escape  the  process  goes  on  only  until  an  equilib- 
rium is  reached  and  that  complete  conversion  of  oil  into  gas  and  residuum 
would  be  attained  only  at  far  higher  temperatures  and  pressures  than 
would  prevail.  In  the  Ventura  County  fields  (California),  oil  is  now 
produced  from  the  Topa-Topa  formation,  which  apparently  was  at  one 
time  buried  under  more  than  20,000  ft.  (6096  m.)  of  sediments;  and  in 
some  of  the  Wyoming  fields,  also,  oil  is  produced  from  horizons  that  were 
formerly  deeply  buried.  We  do  not  know  the  greatest  depths  at  which 
oil  can  exist,  but  they  are  certainly  below  levels  yet  reached  by  the  drill. 

The  enormous  quantity  of  oil  per  acre  that  has  been  produced  at 
Spindletop  suggests  that  either  salt  has  a  myBterious  faculty  of  attracting 
oil  from  the  sediments,  as  some  European  geologists  believe,  or  that  the 
gathering  area  is  greater  than  would  appear,  or  that  some  of  the  oil  has 
ascended  from  unknown  reservoirs  below. 

The  occurrence  of  gas  and  oil  in  the  salt  at  Belle  Isle,  as  described  by 

>  I  have  discussed  this  view  in  a  paper  entitled,  "Intrusive  Origin  of  the  Gulf 
Coast  Salt  Domes,"  which  will  appear  in  the  next  number  of  Economie  Geology. 
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Captain  Lucas,  is  an  indication  of  deep  oil  deposits  in  that  locality.  Belle 
Isle  is  flanked  by  a  great  thickness  of  Pleistocene  sediments  and  the  oil 
encountered  at  3000  ft.  is  very  possibly  Tertiary  oil  that  has  migrated  into 
the  salt,  though,  on  the  other  hand,  it  may  have  been  driven  from  older 
beds  and  may  have  migrated  some  distance  vertically. 

Nothing  is  known  regarding  the  shape  of  the  stem  or  lower  portion 
of  the  salt  cores,  or  of  its  stnictural  relations  with  the  surrounding  sedi- 
ments. Whether  oil  (if  present)  could  be  retained  in  porous  strata 
abutting  against  the  salt,  or  whether  conditions  are  such  that  it  must 
have  migrated  upward,  is  a  matter  for  speculation.  In  the  writer's 
opinion,  most  of  the  salt  cores  probably  incline  up  to  a  laccoUthic  or  mush- 
room shape,  and  if  so,  a  well  starting  on  the  dome  and  penetrating  salt 
might  pass  out  of  the  salt  and  into  sediments  lying  against  the  stem  of  the 
salt  core  in  such  a  way  as  to  form  excellent  reservoirs.  These  matters 
can,  of  course,  be  settled  only  by  drilling,  and  estimates  of  the  chance  of 
finding  oil  in  a  deep  well  must,  in  view  of  our  present  lack  of  knowledge, 
be  based  largely  on  personal  opinion  or  conjecture.  As  more  accessible 
possibilities  are  becoming  exhausted,  the  question  of  deep  drilling  is 
becoming  increasingly  attractive.  If  a  deep  well  finds  oil  at  all,  it  is 
likely  to  discover  rich  reservoirs  and  will  pay  for  itself  indirectly  through 
the  light  it  will  shed  on  the  unsolved  problems  of  the  Gulf  Coast  oil 
fields. 

Oil  in  Southern  Tamaul^iaa,  Mexico 

DiBcuasion  of  the  paper  of  Eeequiel  ObdoRez,  presented  &t  the  Colorado  meeting, 
September,  1918,  and  printed  in  BuOeiin  No.  137  (May,  1918),  page  1001. 

V.  R.  Gahpias,*  Palo  Alto,  C^.  (written  discussionf). — Swarding 
the  statement  of  Mr.  Ordotiez,  on  page  1007,  concerning  the  synclinal 
curving  of  sedimentary  beds  caused  by  the  extrusion  of  volcanic  necks, 
that  "this  phenomenon  might  occur,  but  it  is  not  fully  proved  in  our 
fields,"  I  beg  to  reply  that  the  funnel  and  anticlinal-ring  structure  is 
actually  associated  with  igneous  intrusions  in  the  Mexican  oil  fields,  as 
we  were  able  to  ascertain  by  plotting  an  underground  contour  map  and 
making  a  structural  model  of  the  oil-bearing  beds  of  the  Ebano  field. 

E.  De  Golvbr,  New  York,  N.  Y.  (written  discussiont). — The  paper 
under  discussion  is  not  only  of  interest  in  connection  with  its  subject  but 
it  is  a  contribution  of  considerable  importance  to  our  knowledge  of  the 
possible  effect  of  igneous  rocks  upon  the  aceumulalion  of  petroleum  in 
the  Mexican  fields. 

*  Geologbt  and  Civil  Engineer. 

t  Received  Aug.  19,  1918. 

t  Received  Sept.  6,  1918.  ,-  ., 

I  ,-,;e,.,  Google 


OIL  IN  BOUTHEBN  TAHAULIPA8,   MEXICO     .  1S61 

Sefior  Ordofiez^  has  long  held  that  the  intrusioD  of  igaeous  rocks  in 
the  Mexican  fields  has  had  no  important  structural  effect  in  the  accumu- 
lation of  petroleum  and  does  not  seem  to  have  found  it  necessary  to 
change  his  opinion  because  of  his  studies  in  Tamaulipas. 

Clapp,*  as  a  result  of  his  most  recent  consideration  of  the  Mexican 
fields,  has  concluded  that: 

At  the  biiae  of  the  upheavals  (around  the  plugs)  and  surrounding  them  in  close 
proximity  the  Tamaaopo  Umestone  and  overlj^g  formations  form  pockets  or  places 
of  catchment  where  lai^  deposits  of  oil  have  accumulated.  In  the  Tamaaopo  lime- 
stone and  the  San  Felipe  beds  these  oil  deposits  were  presumably  concentrated  from 
surrounding  portions  of  the  same  strata,  owing  to  the  upheavals  mentioned;  possibly 
with  the  assistance  of  heat. 

The  presence  of  the  oil  accumulations  surrounding  the  plugs  is  sometimes,  although 
not  always,  evinced  by  lai^  seepages  of  oil.  Some  cases  are  known  where  the  lower 
beds  actually  reach  the  surface  and  a  true  quaquaversal  structure  exists.  Whether 
this  is  common  has  been  doubted,  but  it  is  certain  that  definite  doming  does  exist 
surrounding  some  of  the  plugs.  At  any  rate,  it  is  a  fact  that  where  the  plugs  exist 
pockets  of  oil  have  accumulated,  and  the  conical  plugs  themselves  may  be  considered 
as  qusquaversal  structures. 

Garfias  and  Hawley,'  following  and  developing  the  theory  advanced 
by  Garfias*  in  1912,  apparently  lai^ly  as  a  result  of  his  observation  of  wells 
in  northern  Alazan  and  a  consideration  of  the  analogy  suggested  by 
driving  a  nail  through  a  book,  have  tried  to  find  in  the  action  of  the  intru- 
sion a  reason  for  the  common  occurrence  of  qU  in  the  vicinity  of  igneous 
plugs  in  Mexico.  They  propose  a  theory  of  a  circular  anticlinal  ring  and 
funnel  structure  surrounding  igneous  necks  and  argue  by  analogy,  citing 
numerous  sections  and  examples  of  such  structure,  though  they  fail  to 
cite  any  Mexican  occurrences,  merely  concluding  that  there  is  no  "ques- 
tion of  the  existence  of  these  conditions  in  the  Mexican  fields."    ' 

I  have  long  held  with  Ordofiez  that  important  occurrences  of  petroleum 
in  the  Mexican  fields,  under  the  conditions  described  by  Garfias  and 
Hawley,  and  by  Clapp,  have  not  yet  been  proved  to  exist  and,  although 
I  am  not  yet  prepared  to  accept  wholly  the  Ordofiez  theory  that  the 
"roots  of  the  plugs  of  lava,  ramified  like  those  of  a  plant,  have  served  as 
channels  to  bring  the  mineral  oil  to  the  hollow  or  porous  spaces  prepared 
during  the  appearance  of  the  lava  plugs,"  I  agree  that  one  important 
effect  of  the  intrusions  has  been  the  formation  of  pore  space  by  breccia- 


'  Sobre  Algunps  Ejeraplos  Probables  do  Tubos  de  Erupcion.  Memoria*  Sociedad 
aentifioa  "Antonio  Alzate"  (1904-05),  ti,  141-160.  The  Oil  Fields  of  Mexico. 
Trans.  (1914),  50,  859-863. 

*  Revision  of  the  Structural  Classification  of  Petroleum  and  Natural  Gas  Fields. 
Bun.  Oeol.  Soc.  America  11917),  28,  686. 

*  Trana.  (1917),  67,  1071-1082. 

*  The  Effect  of  Igneous  Intrusions  on  the  Accumulation  of  Oil  in  Northeastern 
Mexico.     Jow.  ofGeol.  (1912)  «^  686-672.  ...  . 
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tion  and  metamorphism.  I  have  further  auggested  that  the  greatest 
importance  of  the  porous  zones  thus  formed  is  that  they  cut  across  the 
sedimentary  strata  and  so  provide  for  transverse  migration  of  petroleum. 
The  accompanying  sketch  of  the  Tepetate-Casiano  pool,  showing  the 
surface  relation  of  the  outcrop  of  igneous  rock*  to  producing  wells  and 
dry  holes,  is  instructive  in  this  connection,  since  the  region  is  one  of  con- 
siderable igneous  activity.  No  evidence  of  doming  similar  to  that  sug- 
gested by  Clapp,  nor  of  anticlinal  ring  and  funnel  structure  aimilar  to 


Hry  hole  f 

Sketch  map  of  TEPBTATe-CAeiANO  oil  held, 

that  suggested  by  Garfias  and  Hawley,  has  yet  been  seen  in  this  field. 
In  the  sketch,  only  those  wells  which  have  been  completed  to  the  Tama- 
sopo  limestone  are  shown.  The  occurrence  of  the  deeper  dry  holes  or 
salt-water  wells  on  both  flanks,  and  of  shallower  producing  wells  along  a 
narrow,  unbroken,  N.-S.  striking  zone  are  the  distinctive  features  of  this 
field  as  thus  far  developed  by  exploration.  The  surface  geology  does 
not  show  a  marked  fold  corresponding  to  the  ridge  in  the  TamasopO  lime- 
stone that  is  shown  by  drilling  operations.     The  structure  has  been  ten- 


'  Igneous  rocks  mapped  by  C.  W.  Hamilton, 
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tatively  explained  as  being  the  result  of  folding  which  started  in  the 
Tamasopo  before  the  deposition  of  younger  rocks.  The  strike  of  the 
field  parallel  to  that  of  the  dyke  to  the  west  and  parallel  to  the  line  of 
weakness  shown  by  the  three  domes  or  dyke  outcroppings  to  the  east 
of  the  field  indicate  that  faults,  the  existence  of  which  cannot  be  deter- 
mined at  the  surface  because  of  the  lack  of  good  rock  exposures,  may  have 
been  the  controlling  factor  in  detennining  the  structure  of  this  Seld,  one 
of  the  most  important  in  Mexico. 

A  few  kilometers  to  the  south  is  another  important  field,  the  Los 
Naranjos,  in  which  the  discovery  well  was  located  by  the  writer.  This 
field  is  a  broad  dome;  the  producing  wells  are  located  on  its  crest,  and 
the  only  known  igneous  rocks  consist  of  a  dyke  on  the  south  flank  and 
another  on  the  eastern  fiank. 

The  oil  industry  is  to  be  congratulated  in  having  a  clear  recognition, 
by  80  distinguished  a  Mexican  as  Sefior  Ordofiez,  of  the  preliminary 
preparation  and  the  risks  incident  to  exploratory  drilling.  Attention 
was  early  attracted  to  the  petroleum  seepages  of  TamauUpas,  and  particu- 
larly to  those  of  the  San  Joad  de  las  Rusias  region.  In  1864,  permission 
to  exploit  petroUferous  substances  at  San  Jos6  de  las  Rusias  and  at 
Chapopote,  near  Aldama,  were  granted  to  a  certain  Ildefonse  Lopez,  and 
similar  permission  was  granted  in  1865,  to  one  Parades  to  exploit  chapopote 
at  Carancitos. 

In  1873,  Alajandro  Prieto  in  his  book,  "Historia,  Geografia,  y  Estadia- 
tica  del  Estado  de  Tamaulipas,"  describes  the  profusion  of  chapopote  see- 
pages in  southern  TamauUpas  and  concludes  (p.  264):  "This  class  of 
product,  which  is  encountered  in  such  abundance  in  Tamaulipas,  should 
form  some  day,  by  itself  alone,  a  branch  of  industry  which  will  doubtless 
offer  greatly  to  the  prosperity  of  these  communities." 

In  1889,  a  well  was  drilled  to  a  depth  40  m.  near  San  Jos£  de  las 
Rusias  by  a  certain  Manuel  Flores  and  is  said  to  have  gushed  oil. 

The  oil  field  department  of  S.  Pearson  &  Son,  in  1907,  commenced 
drilling  near  Los  Esteros  in  southern  Tamaulipas  and  completed  four 
wells  before  abandoning  the  enterprise  as  unproductive.  Subsequently 
the  American  International  Fuel  and  Petroleum  Co.  drilled  8  wells  in  the 
same  region.  In  1909-1911,  the  Tamesi  Asphalt  and  Petroleum  Co, 
drilled  two  wells  near  the  same  place.  All  of  these  wells  were  unsuccess- 
ful. In  1913,  Tampico  Oil,  S.  A.,  drilled  a  dry  hole  near  Jopoy,  on  the 
Tampico  River. 

In  1910,  the  Texas  Mexican  Asphalt  and  Petroleum  Co.  moved  a 
small  drilling  machine  to  the  San  Joa6  de  las  Rusias  property  and  drilled 
a  number  of  shallow  welk,  none  of  which  was  successful.  Finally,  a 
standard  rig  was  brought  in  and  a  shallow  well  was  drilled  at  a  seepage 
rising  along  a  dyke  near  Encamacion.  The  rig  was  moved  a  short  dis- 
tance and  a  well  was  drilled  to  a  depth  of  2274  ft.  (690  m.)  and  abandoned. 
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The  Corona  Petroleum  Co,  (Royal  Dutch-Shell  group)  then  became  inter- 
ested, took  over  the  leaae  and,  after  careful  surveys  by  competent  geolo- 
gists, commenced  drilling  in  1914.  To  date,  they  have  completed  and 
abandoned  as  dry  holes  five  wells  having  depths  of  3450,  4000,  3496, 
3030  and  3370  ft.  (1052,  1219,  1066,  924,  1027  m.)  respectively,  and  are 
now  drilling  two  other  wells. 

During  the  past  year,  the  Mexican  Gulf  Oil  Co.  completed  and  aban- 
doned as  a  dry  hole,  at  a  depth  of  3280  ft.  (999  m.),  a  well  on  the  Sabino 
Gordo  property  near  Chapopote,  just  south  of  Aldama.  This  well  was 
drilled  near  a  seepage  at  a  small  hill  of  rock  metamorphosed  by  igueous 
intrusions,  and  resulted  in  a  salt-water  well. 

It  is  quite  probable  that  in  the  purchase  of  leasehold,  drilUng  of  un- 
productive wells,  and  for  various  incidentals  in  an  unsuccessful  attempt 
to  develop  a  productive  oil  field  in  the  State  of  Tamauhpas,  as  much  as 
a  million  dollars  has  already  been  expended,  most  of  it  under  competent 
technical  direction.  The  region  has  been  recognized  as  probable  oil  terri- 
tory since  the  earliest  time  and  yet  not  a  single  conmiercially  productive 
well  has  been  encountered.  Nor  has  it  been  proved  that  the  State  will 
not  be  an  important  oil  producer  at  some  future  date.  The  conclusion 
reached  in  the  paper  under  discussion  that  "even  the  good  Mexican  oil 
lands,  far  from  the  centers  of  actual  exploitation,  to  become  productive 
require  assiduous  and  detailed  geological  studies,  drilling  and  exploration, 
implying  a  considerable  investment"  would  seem  to  be  irresistible. 


Crushing  Resistance  of  Various  Ores 

DiscuBsion  of  the  paper  of  Luthek  W.  Lennox,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  BaUetin  No.  140,  August,  1918,  pp.  1255  to 
1264. 

C.  Q.  Payne,  New  York,  N.  Y.  (written  discussion*). —  rhe  method 
adopted  by  Mr.  Lennox  is  a  very  interesting  test  of  the  practical  applies^ 
tion  of  Mr.  Gates'  crushing- surface  diagram  to  a'great  variety  of  gold  and 
copper  ores.  His  method  of  dealing  with  the  material  below  200-mesh 
is  also  a  distinct  contribution  to  the  subject,  although,  as  be  suggests, 
it  seems  likely  that  some  microscopic  measurement  of  this  material  may 
be  advisable  before  the  mesh  reciprocals  of  its  group  particles  can  be 
dealt  with  as  accurately  as  can  those  coarser  than  200-mefih. 

In  examining  the  general  results  shown  in  Table  3,  it  is  somewhat 
puzzling  to  perceive  why  Calumet  &  Hecia  jig  tails  should  show  a  crush- 
ing resistance  3H  times  greater  than  that  of  the  ore  from  the  Ray  Consoli- 
dated copper  mine.    The  latter  is,  I  believe,  an  altered  Pinal  schist 

*  Received  Sept.  3,  IQIS. 
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containing  over  70  per  cent,  silica,  and  the  composition  of  the  former 
probably  does  not  differ  greatly  in  this  reBpect.  I  also  note  that  the 
crushing  resistance  of  Calumet  &  Hecla  jig  tails  compares  with  that  of 
Miami  ore  in  the  ratio  of  about  2  to  1.  Hardinge  mills  are  now  being 
employed  to  crush  Calumet  &  Hecla  conglomerate,  and  also  Miami  ores 
on  a  very  lai^e  commercial  scale,  and  it  is  interesting  in  this  connection 
to  Dote  that  M.  K.  Rodger's'  gives  the  relative  crushing  duty  of  1  hp.  on 
C.  &  H.  conglomerate  and  Miami  ore  as  1 :3.75,  the  feed  in  both  cases 
being  }^-in.  size.  The  inverse  of  the  above  figures  would  represent  the 
relative  crushing  resistances.  At  a  later  date  Mr.  Gates*  pointed  out 
that  the  crushing-eurface  diagrams  of  the  two  ores,  on  material  coarser 
th&n  200  mesh,  give  for  C.  &  H.  conglomerate  12.5,  and  for  Miami 
34.0  mesh-tons  per  hp.-hr.  This  would  indicate  the  relative  crushing 
resistance  of  these  ores  .to  be  2.72:1.  However,  this  difference  in  the 
crushing  resistance  of  these  two  ores,  as  measured  by  Mr.  I^^nnox's  small 
tube-mill  and  by  the  Hardinge  mill  may  be  due  to  the  fact  that  the 
erushing-surface  diagrams  in  the  two  cases  are  not  comparable. 

A  possible  question  in  connection  with  these  tests  is  whether  the 
determination  of  the  crushing  resistance  of  an  ore  may  not  be  difficult  to 
measure  owing  to  what  may  be  called  "screen  resistance."  Of  two  ores 
which  may  have  the  same  crushing  resistance  when  measured  by  a  4-  or 
S-mesh  screen,  for  example,  one  may  show  a  much  greater  crushing  re^ 
sistance  than  the  other  when  measured  by  a  200-mesh  screen,  owing  to 
the  presence  of  a  certain  amount  of  mica  or  other  flaky  mineral  unlocked 
at,  say,  50  mesh,  but  only  reduced  to  pass  a  200-mesh  screen  by  very  pro- 
longed grinding.  •  The  micaceous  ore  would  thus  show  a  different  crushing- 
surface  diagram  from  the  granular  ore,  although  the  same  amount  of 
energy  might  have  been  expended  in  crushing  it.  The  proximity  on  the 
scale  of  crushing  resistance  (Table  3)  of  such  a  hard  and  tough  ore  as 
the  Homestake  to  a  comparatively  soft  ore  like  that  of  the  Nevada  Con- 
solidated for  example,  has  suggested  the  idea  that  a  difference  in  the 
"screen  resistance"  might  perhaps  here  have  counteracted  a  greater 
difference  in  the  crushing  resistance  than  the  results  actually  show. 

The  interesting  and  valuable  work  done  at  McOill  University  by 
Professor  Bell  seems  clearly  to  establish  Kittinger's  law  as  a  better  meas- 
ure of  the  energy  absorbed  in  crushing  than  Kick's  law.  The  method  of 
recording  the  work  of  crushing  by  the  cruBhing-surface  diagram,  which 
has  been  developed  and  illustrated  by  Mr.  Gates,  also  marks  a  very  not- 
able contribution  to  the  subject.  The  crushing-surface  diagram  is 
fascinating  from  its  very  simplicity.  But  are  we  not  expecting  too 
much  from  it  until  we  have  corroborated  it,  and  perhaps  corrected  it, 


>  Traru.  (1816),  53,  M4. 

'  Mm.  and  Sci.  Pr.  (Mar.  11,  1916),  118,  3«6. 
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by  means  of  certain  more  e^mct  physical  measurements  on  a  wide  range 
of  minerals  and  ores?  Many  ores  consist  of  a  more  or  less  loose  aggre- 
gate of  different  minerals,  and  it  may  help  toward  clear  thinking  if  we 
subdivide  the  subject,  and  apply  the  laws  of  crushing  only  to  the  break- 
ing up  of  aggregates,  as  performed  by  coarse  crushing,  in  which  surface 
areas  can  be  accurately  measured  by  screen  analysis;  and  then  apply  the 
laws  of  grinding  to  the  reduction  of  small-^zed  particles  of  homogeneous 
composition,  the  surface  areas  of  which  are  difficult  to  measure  by  screen 
analysis  alone. 

P'or  illustration,  if  we  knew  the  number  of  heat  units  developed,  and 
therefore  theenergy  absorbed,  in  grinding  lOOgm.of  a  given  ore  or  mineral, 
so  that  it  would  all  pass  a  200-mesh  screen,  could  we  not  then  develop  an 
energy  unit  which  would  be  a  physical  constant  for  that  particular  ore 
or  mineral?  With  a  number  of  such  physical  constants  determined  for 
various  ores,  we  would  then  have  more  accurate  means  of  measuring  not 
only  the  grinding  resistance  of  the  or^,  but  also  the  mechanical  effi- 
ciencies of  different  machines  employed  in  grinding  them.  Such  an 
energy  unit  as  I  have  suggested  might  require  some  other  method  than 
screen  analysis  to  estimate  the  surface  exposed,  since  the  unit  should  be 
independent  of  the  habit  of  crystallization  of  the  component  ore  minerals, 
and  should  be  directly  related  to  their  molecular  structure,  on  which 
their  coherence  and  mechanical  resistance  to  grinding  must  ultimately 
depend. 

The  establishment  of  accurate  methods  for  measuring  the  energy 
absorbed  in  crushing  and  grinding  ores  is  a  matter  of  great  importance. 
Most  mining  engineers  realize  the  backward  state  in  which  the  art  of 
crushing  now  lies,  largely  for  lack  of  accurate  units  of  measurement. 
Considering  the  subject  broadly,  and  including  the  crushing  of  cement 
rock  and  clinker  and  pottery  materials,  it  is  probable  that  the  average 
efficiency  of  crushing  as  a  whole  does  not  exceed  20  to  26  per  cent. 
When  we  recall  that  the  efficiencies  reached  in  the  concentrating, 
cyaniding,  and  flotation  of  ores  frequently  exceed  90  per  cent,,  it  is  evi- 
dent that  the  first  step  in  the  ore-dressing  and  allied  industries  is  worthy 
of  more  serious  attention  than  it  has  yet  received. 
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The  Action  of  Reducing  Gases  on  Hot  Solid  Copper 


BT  NORMAN  B.   PILUNO,*  M. 

(Milwaukee  Meeting,  Oetober,  ISIS) 

The  deleterious  effect  on  the  mechanical  properties  of  copper,  re- 
sulting from  heating  in  contact  with  reducing  gases,  is  well  known,  but 
the  mechanism  of  the  action  does  not  appear  to  have  been  definitely 
established.  The  purpose  of  the  present  investigation  was  not  to  deter- 
mine the  exact  variations  in  physical  quality  of  commercial  copper, 
with  its  various  impurities,  as  dependent  upon  the  composition  of  the  gas, 
temperature  of  exposure,  etc.,  but  rather  to  study  the  nature  of  the 
action  and  the  conditions  under  which  it  occurs. 

The  physical  result  of  the  so-called  "gassing"  of  copper  has  been  gen- 
erally described  as  the  development  of  "  brittleness. "  There  appears 
to  be  a  striking  decrease  in  tensile  strength,  associated  with  a  considerable 
loss  of  ductility,  and  a  small  copper  strip  or  wire  affected  in  this  way 
can  be  snapped  in  two  when  bent.  Larger  articles  may  have  an  outer 
layer  alone  affected,  which  can  be  detached  from  the  core  by  hammering 
or  bending. 

Perhaps  the  earliest  reference  to  this  subject  is  that  of  Heyn'  in  1900, 
and  among  the  later  observers  may  be  mentioned  Archbutt,^  Bengough 
and  Hill,'  Johnson,*  Mathewson  and  Thalheimer,*  and  Ruder,'  Ben- 
gough and  Hill,  while  working  with  arsenical  copper,  were  the  first  to 
suggest  the  possibility  of  the  formation  of  gases  within  the  copper  itself, 
while  Ruder  endeavored  to  explain  the  action  by  the  reduction  of  the 


*  MetaUjii^ist,  research  laboratory,  Westinghouse  Elec.  &  Mfg.  Co. 

'  E.  Heyn:  Die  Umwandlung  des  KleingefUgea  bei  Eisen  und  Kupfer  durch 
Form&nderung  im  kalten  Zustande  und  darauf  fo^endes  AusglUhea.  ZeU.  Ver. 
DeiU.  Ing.  (1000),  44,  SOS. 

'  L.  Archbutt:  Detennmation  of  Oxygeo  in  Copper.  Anolyvf  (December,  1905), 
«),38S. 

>  G.  D.  Bengough  and  B.  P.  Hill:  Properties  and  ConatitutioQ  of  Copper-arsenic 
Alloys,     /our.  Inat.  Metals  (1910),  S,  34. 

'F.  Johnson:  A  Method  of  Improving  the  Quality  of  Arsenical  Copper.  Jour. 
Inst.  Metals  (1913),  iO,  275. 

>C.  H.  Msthewson  and  E.  M.  Tbalheimer:  Comparisons  between  Electrolytic 
Copper  and  Two  Varieties  of  Aieenical  Lake  Copper  with  Respect  to  Strength  and 
Ductility  in  Cold-worked  and  Annealed  Teat  Strips.     Tram.  (1916),  B6,  446. 

*W.  E.  Ruder:  The  Brittleneee  of  Annealed  Copper.  Trani.  Am.  Eleotrochem. 
Boa.  (1916),  SO,  615. 
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cuprous  oxide,  leaving  a  spongy  masB  having  little  mechanical  etrength. 
The  possibility  of  a  direct  action  of  the  hydrogen  on  the  copper,  forming 
hydrides,  has  received  but  scant  support.  Quantitative  measurements 
of  the  effect  of  the  action  on  the  strength  and  other  properties  of  elec- 
trolytic and  arsenical  copper  may  be  found  in  the  papers  by  Bengough 
and  Hill,  and  Mathewson  and  Thalheimer,  cited  above. 

For  the  sake  of  simplicity,  attention  has  here  been  confined  mainly 
to  commercial-conductivity  copper,  noo-arsenical,  with  0.05  per  cent,  oxy- 
gen, and  about  0.015  per  cent.  lead.  A  preliminary  study  of  the  effects 
of  reducing  gases  on  hot  copper  was  made  by  passing  the  desired  gas 
over  a  length  of  soft  copper  strip  heated  in  an  electric  furnace.  After 
30-min.  exposure  to  hydrogen  at  800°  C.  there  was  a  marked  deterioration 
in  the  quality  of  the  copper.  Whereas  initially  it  was  quite  ductile  and 
reeUtact  to  bending,  after  this  treatment  it  was  extremely  weak  and  fri- 
able, as  evidenced  by  its  inability  to  withstand  even  slight  bending. 

After  similar  treatment  in  natural  gas  and  in  carbon  monoxide,  the 
same  phenomenon  was  observed,  but  the  deterioration  was  less  strongly 
marked  with  the  latter  gas.  Similar  treatment  in  an  atmosphere  of  steam 
caused  no  observable  change  in  physical  quality. 

The  microscopic  appearance  of  the  copper  before  treatment  is  shown 
in  Fig.  11;  it  is  homogeneous,  with  a  uniform  distribution  of  Cu,0 
particles.  After  heating  in  hydrogen,  it  has  become  very  porous  (Fig.  12), 
each  CujO  particle  has  been  replaced  by  a  void  and,  in  addition,  there  are 
large  angular  cracks  which,  as  shown  by  etching,  follow  the  grain  bounda- 
ries. This  observation  agrees  with  the  micrographs  given  by  previous 
investigators.  The  copper  samples  heated  in  natural  gas  and  in  carbon 
monoxide  were  similar  in  appearance,  but  the  action  was  less  marked. 
In  no  cases  could  unreduced  grains  of  Cu»0  be  detected. 

Physical  Effect  of  Hydrooeh  on  Coppeb 

From  the  results  of  preliminary  experiments,  hydrogen  seemed 
to  be  the  most  active  of  the  several  reducing  gases  tried,  and  it  appeared 
likely  that  in  a  mixture  of  such  gases  hydrogen  would  play  the  predomi- 
nant part.  It  is  likely  that  any  hydrocarbons  present  would  decompose  at 
the  temperatures  used,  and  the  action  would  be  traceable  to  the  simple 
gases  formed  (H,  CO,  etc.). 

The  physical  effect  of  heating  copper  in  contact  with  hydrogen  was 
studied  with  a  number  of  copper  strips,  ^  by  0.048  in.  (15.9  by  1.2  mm.). 
The  oxygen  content  of  this  copper  was  0.05  per  cent,  and  the  material, 
received  in  a  dead  soft  condition,  showed  satisfactory  physical  properties. 
These  strips  were  electrically  heated  at  various  temperatures  in  a  small 
tube  furnace,  evacuated  to  prevent  excessive  oxidation,  and  after  the 
desired  temperature  had  been  attained,  as  measured  by  a  small  Pt- 
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PtRh  thermocouple  lying  at  the  center  of  the  piece,  hydrogen  was  ad- 
mitted and  passed  through  the  furnace  tube  over  the  strip  for  30  min. 
At  the  end  of  that  time  the  strip  was  withdrawn  and  cooled  in  the  air. 
A  rough  measure  of  the  .effect  of  this  treatment  was  made  by  noting  the 
number  of  180°  bends  over  a  radius  of  about  \i,  in.  (6.3  mm.)  the  strip 
would  stand  before  breaking.  The  effect  of  complete  hydrogenation  is  so 
marked  that  this  was  found  to  be  a  sufficiently  sensitive  test,  though 
giving  comparative  values  only.  The  following  table  gives  the  results 
obtained,  which  are  plotted  in  Fig.  1. 
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(Length  of  heating,  30  min.) 


Table  1. — E^ed  of  Heating  Copper  Strips  in  Hydrogen 


Nq.  Bande  Ui  Br«ali 


That  this  deterioriation  in  quality  was  due  to  the  hydrogen  and  was 
not  an  annealing  effect  was  shown  by  heating  similar  strips  at  400°  and 
800°  in  air  (reduced  pressure),  after  which  no  change  in  tenacity  could 
be  observed. 

It  will  be  noticed  that  the  deterioration  starts  between  400°  and  500° 
C. — well  below  a  red  heat — and  increases  in  severity  as  the  temperature 
of  heating  becomes  higher.  An  idea  of  the  rate  at  which  this  action  takes 
place  may  be  obtained  from  Fig.  2,  in  which  the  bending  qualities,  after 
exposure  to  hydrogen  for  varying  lengths  of  time  at  800°  are  plotted.  In 
10  min.  the  deterioration  is  complete. 
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Typical  examples  of  the  structures  encountered  after  hydrogenation 
are  shown  in  Fig.  12  and  13. 

Nature  of  Hydrogenation 

The  mechanism  of  the  action  during  exposure  of  copper  to  hydrogen 
appears  to  be  as  follows:  Commercial-conductivity  copper  contains 
various  impurities,  all,  except  oxygen  and  occasionally  lead,  being  meas- 
ured in  thousandths  of  a  per  cent.  Oxygen  normally  occurs  from  0.03 
to  0.08  per  cent,  in  the  form  of  CuiO  mechanically  mixed  with  the  metal- 
lic copper.  The  presence  of  this  quantity  of  CujO  seems  to  be  necessary, 
in  order  to  avoid  the  reduction  of  metallic  impurities  in  the  slag  from  t^e 
oxidized  to  the  metallic  condition,  during  re&ning,  and  to  promote 
soundness  in  casting.  If  hydrogen  ia  physically  soluble  in  solid  copper 
at  high  temperatures,  this  gas  would  penetrate  the  metal,  attack  and  re- 
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duce  the  grains  of  Cu:0,  with  the  formation  of  steam,  according  to  the 
equation 

■  CujO  +  Hj  =  HsO  +  2Cu. 

After  this  reduction,  the  volume  of  the  copper  is  but  60  per  cent,  of  the 
volume  of  the  CuiO  from  which  it  was  reduced,  thus  leaving  voids  mark- 
ing the  site  of  the  original  oxide  granules  and  approximating  40  per  cent, 
of  the  space  formerly  occupied  by  them. 

If  steam  is  physically  less  soluble  in  copper  than  hydrogen,  it  will 
accumulate  in  these  pockets  at  a  rate  faster  than  it  can  dissolve  in  the 
copper  and  diffuse  away,  and  the  net  result  of  the  reaction  would  be  the 
formation  of  a  quantity  of  steam  within  the  voids  left  by  the  CujO, 
and  at  considerable  pressure.  A  rough  calculation  of  the  magnitude  of 
the  pressure  possible  at  800°  C,  assuming  the  steam  to  be  completely 
insoluble  in  the  copper,  showed  that  8000  to  9000  atm.  would  develop 
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if  there  were  no  yielding  in  the  copper.  The  investigations  of  Bengough' 
on  the  tensile  propertiefi  of  copper  at  high  temperatures  have  shown  that 
as  the  temperature  rises  the  tensile  strength  fblls  off  rapidly  until  a  "me- 
chanical critical  temperature"  is  reached  between  600°  and  750"  C, 
varying  apparently  with  the  nature  and  quantity  of  impurities  present. 
Above  this  temperature  the  tensile  strength  diminishes  linearly  to  zero 
at  the  melting  point,  and  in  this  range  the  copper  is  characterized  by  ex- 
treme inter  crystalline  weakness.  Now  the  combination  of  considerable 
.  internal  pressure  (steam),  with  lack  of  intercrystalline  cohesion,  forces 
the  grains  apart  until  relief  is  obtained  (see  Fig.  18).  Deoxidation  alone 
cannot  account  for  the  weakness  developed,  for  it  is  not  clear  why  the 
substitution  of  a  small  void  for  a  small  particle  of  very  brittle  cuprous 
oxide  should  weaken  the  surrounding  metal.  A  careful  examination 
of  copper  strips  heated  at  800°  in  hydrogen  showed  that  a  mechanical 
swelling  takes  place  coincident  with  the  formation  of  intercrystalline 
ruptures.  The  strip  increased  in  thickness  by  4  per  cent,  and  in  width 
by  1.5  per  cent,  while  decreasing  about  4  per  cent,  in  density.  This 
decrease  in  density  is  not  due  solely  to  voids  left  in  the  metal  by  the 
reduction  of  the  cuprous  oxide,  as  the  decrease  noted  was  130  times  as 
great  as  the  observed  loss  in  weight  due  to  removal  of  oxygen.  The 
resultant  weakness  of  the  copper  after  this  action  is  due  simply  to  the 
absence  of  mechanical  coherence  between  individual  grains  within  the 
puffed  copper. 

Pebueabilitt  of  Copper  to  Htdrooen,  Steam,  Carbon  Mokoxidk 
AND  Carbon  Dioxide 

In  order  to  verify  the  explanation  given  for  the  "puffing"  of  copper, 
the  relative  permeabilities  of  several  reducing  gases  and  their  oxides 
were  determined.  The  method  employed  was  to  observe  the  change  in 
pressure  within  an  evacuated  thin-walled  copper  tube  heated  in  an 
atmosphere  of  the  gas  in  question,  in  a  nlchrome-wound  quartz-tube 
furnace.  The  copper  tube  extended  throughout  the  length  of  the  fur- 
nace, one  end  of  it  being  pinched  and  sealed  with  solder,  and  the  other 
waxed  to  the  glass  vacuum  system.  An  optical-lever  manometer*  was 
used  to  measure  the  slight  increments  in  pressure  over  the  initial  pres- 
sure (5  mm.),  and  by  reducing  the  volume  auxiUary  to  the  copper  tube 
to  the  least  possible  amount,  a  sensitive  arrangement  was  obtained.    In 


'G.  D.  Bengough:  A  Study  of  the  Properties  of  Alloya  at  High  Temperatures. 
Jour.  Inst,  of  Metals  (1012),  7,  123. 

Q.  D.  Bengough  and  D.  HansOQ:  Teneile  Properties  of  Copper  at  High  Tem- 
peratures.   Jour.  Inst,  of  Metals  (1914),  IS,  56. 

■  A  modification  <^  that  described  by  J.  E.  Shrader  at  the  Pittsburgh  meeting  of 
tiie  Am.  Phyncal  Society,  Dec,  1918. 
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use,  both  the  copper  tube  and  the  enclosing  furnace  tube  were  evacu- 
ated until  a  steady  temperature  was  reached,  measured  with  a  small 
Ft-FtRh  couple  adjacent  to  the  copper  tube,  and  then  the  desired  gas 
was  introduced,  flowing  slowly  through  the  quartz  furnace  tube  at  atmos- 
pheric pressure.     This  arrangement  is  shown  in  Fig.  3. 

The  hydrogen  and  carbon  dioxide  were  taken  directly  from  pressure 
tanks;  the  carbon  monoxide  was  generated  by  the  action  of  sulphuric 
and  formic  acids,  the  gas  being  dried  before  entering  the  furnace;  the 
steam  was  introduced  wet  at  atmospheric  pressure. 


Fig.  3.- — Arrangement 


After  some  experimentation,  700"  C.  was  chosen  as  a  temperature  suit- 
able for  making  measurements  of  the  comparative  rates  of  diffusion  of 
these  gases  through  copper.  Curves  giving  the  observed  change  in  pres- 
sure inside  the  copper  tube,  due  to  diffusion  of  the  gases  through  its  walls, 
are  shown  in  Fig.  4.  The  following  table  gives  comparative  measure- 
ments, the  pate  of  diffusion  being  taken  as  the  maximum  slope  of  the 
pressure-time  curve,  referred  to  hydrogen  as  1000  units. 

Table  2. — Rate  of  Diffusion  of  Gases  Through  Copper  at  700°  C. 
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It  will  be  seeD  that  hydrogen  will  diffuse  into  copper  approximately 
15  times  as  fast  as  water,  formed  by  the  reaction  of  hydrogen  on  CujO, 
can  diffuse  out;  and  similarly,  that  carbon  monoxide  diffuses  through 
copper  about  25  times  faster  than  the  carbon  dioxide  fonned  when  it 
reduces  the  cuprous  oxide. 

This  result  seems  to  confirm  the  above  explanation,  that  the  weakness 
experienced  by  copper  containing  disseminated  oxide,  after  exposure 
to  reducing  gases  at  h^h  temperatures,  is  due  to  the  internal  fractures  pro- 
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duced  by  the  expansive  action  of  a  gas  which  is  formed  by  the  reduction 
of  each  oxide  granule  at  a  rate  much  faster  than  that  at  which  it  can  dis- 
solve in  the  copper  and  diffuse  away. 

An  interesting  check  on  the  regularity  of  the  measurements  is  that 
if  the  logarithm  of  the  rate  of  diffusion,  as  found  above,  is  plotted  against 
the  molecular  weight  of  the  gas,  a  straight  line  is  obtained. 

The  transmission  of  hydrogen  through  copper  was  further  studied 
by  making  diffusion  measurements  at  a  number  of  temperatures.  The 
arrangement  of  the  apparatus  was  the  same  as  that  described  above, 
except  that  at  temperatures  above  700°,  when  diffusion  was  rapid 
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and  the  pressure  change  considerable,  a  direct-reading  mercury  mano- 
meter was  used.  The  results,  shown  graphically  in  Fig.  5  and  6,  are 
as  follows,  the  rate  at  700"  being  considered  unity. 


Table  3. — Diffveion  of  Hydrogen  Through  Copper 

Bcteaf 
Tcminntur*  Difliulciii 

BWC 17.0 

850 10.0 

750 2.6 

700 1.0 

500 0.64 

400 0.006 

Plottii^  the  rate  of  diffusion  against  temperature,  the  curve  (Fig.  7) 
first  shows  appreciable  diffusion  between  400"  and  500°,  and  riera 


Fig,  5.— Diffusion  of  btdbooen 


sharply  beyond  700".  This  agrees  with  the  observations  made  on  the 
physical  effects  of  hydrogenation,  recorded  above,  in  which  incipient  de- 
terioration in  quality  was  noted  in  this  same  temperature  interval.  The 
diffusion  rate  measured  at  800"  and  above  is  probably  in  excess  of  the 
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true  rate  of  diffusion,  due  to  the  kuowii  fact  that  at  these  temperatures 
the  fissures  produced  by  the  reaction  on  the  oxide  are  of  sufficient  size 
to  make  the  tube  permanently  porous. 

Reduction  of  Cuprous  Oxide  by  Hydrogen 

To  check  the  dependence  of  hydrogenation  upon  the  diffusion  rate 
of  hydrogen  through  copper,  a  series  of  solid  copper  strips  were  exposed 
to  hydrogen  at  temperatures  between  200°  and  900°  for  varying  lengths  of 


/ 

/ 
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_^ 

,^ 

FlO.    6.— DiFFUBION  o 


THBOCQH  COPPER. 


time.  Since  cuprous  oxide  is  readily  reduced  to  metal  by  hydrogen 
at  147°  C.,'  it  is  evident  that  the  depth  to  which  the  reduction  of  the  oxide 
granules  has  taken  place  is  a  measure  of  the  depth  to  which  the  hydrogen 
has  diffused,  assuming  that  the  hydrogen  concentration  necessary  before 
reduction  takes  place  is  small.  Cross-sections  of  these  copper  pieces 
were  made  and  the  depth  of  deoxidation  was  measured.  It  was  found 
that  the  deoxidized  envelope  surrounding  the  central  oxide-containing 
core,  while  not  sharply  defined,  was  of  rather  uniform  thickness  in  indi- 


•  C.  N.  Otin:  Mtta&w^  (1912),  9,  9 
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vidual  samples.  A  representative  example  of  this  penetratioD  is  shown 
in  the  micrograph,  Fig.  14.  The  curves  in  Fig.  8  show  how  the  depth 
of  this  layer  varies  with  the  time  of  exposure.     There  was  no  observable 
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Fio.  7. — Ratb  or  DirroeiOH  of  htdrooen  thbodoh  coppbb. 

reduction  of  internal  oxide  particles  at  400°  after  an  hour's  exposure, 
nor  at  any  temperature  below  this.  Taking  the  values  of  the  initial 
slopes  of  this  family  of  curves  as  proportional  to  the  rate  of  diffusion, 
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Fia.  8. — Penbtration  of  htdroobn  I^^TO  coppHa. 

and  plotting  these  values  against  the  temperature,  a  curve  is  obtained 
(Fig.  9)  very  similar  to  the  diffusion  curve  as  measured  by  the  copper 
tubes,  but  not  influenced  by  the  opening  of  minute  crevices^  as  the  reduc- 
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tion  of  oxide  proceeds.    Active  diffusion  becomee  apparent  between  400° 
and  500°  C. 

A  comparison  between  the  two  determinations  is  given  in  Fig.  10, 


Fig.  9.-— Rate  of  ditfdsion  or  h 

(Using  reduction  of  cuprous  oxide  particles  as  indicator.) 

where  the  two  diffusion  curves  are  plotted  to  the  same  scale,  i.e.,  relative 
rates  of  diffusion  compared  with  the  rate  at  700°  as  unity.  The  diver- 
gence above  700°,  due  to  the  infl.uenGe  of  the  increasing  porosity  of  the 
copper  tubes,  is  apparent. 
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Fio.  10. — ^Rblativb  ratgb 


Tamparatura,  C. 
IP  DIFFUBION  OF  HTDROOEN  THROUOH  COPPKR. 


Inflcbnce   of  Oxygen  Content 
The  oxygen  content  of  the  copper  strips  used  in  all  the  foregoing 
^ork  was  0.05  per  cent.    Copper  strips  containing  larger  quantities  of 
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oxygen  were  obtaiDed,  aad  were  given  similar  exposures  to  hydrogen, 
i.e.,  30  luin.  at  800°.  A  quantitative  measure  for  the  disruptioD  of  the 
copper  is  not  easy  to  find,  but  an  examination  of  the  micrographs. 
Fig.  15  to  18,  shows  that  as  the  oxygen  content  increases,  the  seventy 
of  the  action  also  increases.  The  photographs  are  from  unetched 
surfaces  and  the  grain  outlines  are  due  wholly  to  the  intercrystalHne 
ruptures.  A  consideration  of  what  happens  during  hydrogenation  shows 
that  it  is  not  oxygen  content  alone  that  determines  the  severity  of  the 
action.  The  reaction  that  takes  place  when  a  particle  of  cuprous  oxide 
is  reduced  to  metalHc  copper  is  quantitative;  the  volume  of  the  resulting 
void  is  definite,  depending  on  the  specific  volumes  of  copper  and  cuprous 
oxide,  and  the  quantity  of  water  formed,  existing  as  a  gas  and  filUng  this 
space,  is  also  definite.  At  a  given  temperature  the  ratio  of  these  two 
quantities  determines  the  pressure,  but  this  ratio  is  independent  of  the 
total  quantity  of  oxide  present.  The  actual  pressure,  then,  is  a  function 
of  the  temperature. 

At  high  temperatures  the  cohesion  between  two  copper  grains  is 
much  less  than  the  point  to  point  cohesion  within  one  of  them,  so  that  it 
is  only  the  gas-filled  pockets  that  happen  to  lie  along  a  grain  boundary 
that  are  operative  in  causing  rupture.  Since  this  is  so,  cast  copper, 
in  which  all  the  oxygen  present  is  concentrated  along  the  grain 
boundaries  as  a  cuprous  oxide-copper  eutectic,  is  peculiarly  susceptible 
to  hydrogenation.  This  is  strikingly  shown  in  Fig.  19  and  20,  which 
is  a  cast  copper  containing  but  0.02  per  cent,  oxygen,  and  Fig.  21,  showing 
a  piece  of  cast  copper  containing  0.50  per  cent,  oxygen  (more  than  the 
eutectic  concentration)  before  and  after  hydrogenation.  In  the  latter 
case,  the  explosive  action  of  the  gas  formed  has  completely  shattered 
the  metal. 

In  wrought  copper,  during  the  process  of  rolling,  the  oxide  particles 
become  thoroughly  mixed  with  the  metal,  the  recrystallization  taking 
place  with  complete  disregard  of  their  presence,  so  that  the  situation 
of  an  oxide  granule  at  a  grain  boundary  is  governed  simply  by  chance. 
An  increased  oxygen  content  increases  the  severity  of  hydrogenation 
in  wrought  copper  only  because  of  the  greater  possibiUty  of  oxide  granules 
to  lie  along  the  grain  boundaries. 

From  the  nature  of  the  action  which  causes  the  mechanical  deteriora- 
tion, it  is  not  expected  that  any  chemical  or  heat  treatment  short  of 
remelting  would  restore  hydrogenated  copper  to  its  former  condition. 
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Fig.  11. — Rolled   copper,   0=  0.05      Fio.  12. — Same  ab  Fio.  11,  heated  30 
PERCENT.    Untreated,  x  100.  min.  at  800°  C.  in  hydrogen.    X  100. 


Fio.  13. — Same  as  Fig.  11,  heated       Fio.  14. — Penetration  o 

30    MIN.     at     1050°     C.      IN     HTBROOEN.      INTO    COPPER.       EXPOSED  TO  HYDROOEN  2 

X  100.  MIN.  AT  800°  C.     X  100. 
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The  Spectroscopic  Detenninatioii  of  Lead  in  Copper 

BY   C.    W.    HILL,*   PH.    D.,    AND   Q.    P.    LCCKET,    II.    A.,    PITTBBTniaH,    PA. 

(MUwaukea  Meetioi,  October,  1018) 

In  a  previous  article^  preliminary  experiments  were  described,  in- 
dicating the  possibilities  of  a  quantitative  spectroscopic  method  for 
the  determination  of  small  amounts  of  lead  in  copper,  which  would  be 
accurate  and  rapid,  and  could  be  carried  out  in  the  refining  plant  by  one 
not  skilled  in  chemical  analysis.  The  present  paper  deals  with  the  devel- 
opment of  the  method  ih  the  factory,  giving  the  details  of  apparatus  and 
its  standardization,  and  presenting  a  comparison  of  the  accuracy  of  the 
method  with  that  of  the  standard  electrolytic  determination.  (For 
variations  and  other  applications  of  the  method,  the  reader  is  referred 
to  the  first  article.) 


start— Lead  liaa  bright. 


id  —  I.oad  line  gone, 


Fio.  1.— Steps  in  the  elihination  op  lead. 

(The  lead  line,  at  point  40S.8  in  the  violet  portion  o[  the  epectruoi,  ia  nan  between  (he  two  coppet  1  nei, 
402.20  and  100.20,  lying  cloae  to  the  latter.    The  crowded  faint  lineg  Bra  due  to  the  osibon  an.) 

1,  Outline  of  Method 
A   carefully  weighed  sample  (0.4  gm.)  of  the  copper  to  be  tested  is 
placed  in  a  cavity  in  a  graphite  positive  electrode.    An  arc  capable  of 

•  Rjeeearch  Chemist,  Weatinghouae  £lectric  and  Mfg.  Co. 

>  Proceahngt  Am.  Electrochem,  Soc.  (1918),  83, 191.    Mtt.  and  Chem.  Eng  (1917), 
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regulation  is  struck,  and  maintained  under  constant  conditions  between 
the  copper  sample  and  a  rotatingupper  carbon  electrode.  Aapectroscope 
is  BO  adjusted  as  to  observe  the  lead  line  (405.8  im),  as  shown  in  Fig.  1. 
With  a  stop-watch,  the  time  is  determined  between  the  melting  of 
the  copper  sample  and  the  disappearance  of  the  lead  line  from  the  spec- 
trum. This  time  is  proportional  to  the  lead  content  of  the  sample,  the 
exact  values  depending  upon  the  apparatus  employed.    The  apparatus 


Fio.  2.— Plan 


is  calibrated  with  samples  of  known  lead  content  and  a  time-lead  curve  is 
established  for  the  apparatus.  Where  minijnum  values  alone  are  re~ 
quired,  the  time  of  disappearance  of  lead  from  a  sample  of  satisfactory 
copper  is  taken  as  a  standard,  and  the  refining  process  is  continued  until 
furnace  samples  show  a  time  equal  to  or  less  than  the  standard. 


2.  Apparatus 


The  apparatus  and  its  arrangement  as  finally  installed  are  shown  dia~ 
grammatically  in  Fig.  2  and  in  the  photograph  Fig.  3.     A  full  description 
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of  the  varioua  p&rts  of  the  apparatus  will  be  found  in  Appendix  I.  Ob 
account  of  conditions  due  to  the  war,  we  were  unable  to  purchase  a  spec- 
troscope suitable  for  the  work,  and  were  forced  to  use  a  grating,  which 
required  more  space. 


Fio.  3. — Arranoeuent  of  testing  appabatcs. 

A — Grftpbite  podtin  «l«ctri>da.  Q— End  of  5-ft.  boi.  M— Sarin  remstBDce  kaob. 

B— Nee.  alectrocJB  ud  eontioC.  H— Eys-ple«.  N— RolBticic  alectiic  iwiteh. 

C — Elsctrods  piiUaf.  1— Screea.  O— Rotatini  electric  motor. 

D— Aro-lanath  oantrol.  J— MotoT-cenerBtor  initch.  P—lolf  baluce. 

P — Pritm  and  ilit.  L—Arc  airitDh.  R^^Colored-alaaa  aorHn. 

3.  STANDAanizATioN  OF  Apparatus 

Our  first  two  attempts  to  standardize  the  apparatus  were  not  eue- 
cessful.  However,  we  shall  give  some  of  the  details  regarding  them, 
since  they  throw  some  light  on  the  relative  accuracies  of  the  spectroscopic 
and  electrolytic  methods  for  small  quantities  of  lead.    The  three  methods 
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of  calibration  were:  (1)  checkiog  routine  analyses;  (2)  comparative  analy- 
ses of  large  samples;  (3)   comparative  analyses  of  synthetic  samples. 

Checking  Routine  Analysis 

For  a  period  of  several  weeks,  the  spectroscope  was  used  in  comparison 
with  regular  routine  analyses  by  the  electrolytic  method.  (Description 
of  method  will  be  found  in  Appendix  II) .  The  results  seemed  to  check  the 
work  of  some  of  the  chemists  quite  accurately,  but  at  best  the  uncertainty 
was  too  great.to  establish  a  calibration. 

Analysis  of  Large  Samples 

Five  large  samples  of  copper  shot  were  made  by  selection  from  regular 
furnace  runs  on  the  basis  of  the  routine  test.  These  were  submitted  to 
three  chemists  for  chemical  determination  of  lead,  and  were  examined 
in  the  spectroscope.  We  were  still  unable  to  check  the  chemical  method, 
and  consequently  returned  the  samples  for  repeat  analysis,  including 
repeat  samples  on  regular  routine  tests.  The  values  obtained  are  given 
in  Table  1.  The  analyses  on  the  special  samples  were  made  by  three 
chemists,  two  of  them  using  a  10-gm.  sample  and  one  a  25-gm.  sample, 
working  independently. 

Table  1. — Lead  Contents  of  Special  Samples 


1  I  0-005' O.OOB  0.005  0.005' ! i 0,005  0.005  0.005 

2  0.OO5!0.0O5:o.O07  0.007  jO. 012' 0.012jO. 01210. 012  i 

3  I  0,010'  0.010  OOlOl  0,010'  0,012;  0,012  0.015.0.3l3  1  I            1 

4  I  O.OIS]  0,015,  0.015'  0.015J,  0.013  0.0I3|  O.Ols'  0,013  0.01*  0.017  0.015 

5  I  0.020  0.020,  0.020;  0.0201    ; ' ,0.02210.022  0.022 

Lead  Contents  of  Furnace  Samples 

OriciiuU  Aii*lyBb  Check  Aoalysa 

0.012  0.005 

0.017  0.008 

0.018  0.017 

0.022  0.020 

0,027  0  038 

As  might  be  expected,  the  routine  analyses,  which  are  often  rushed, 
do  not  show  the  accuracy  of  the  special  analyses.  From  the  results  given, 
and  from  an  extended  investigation  of  the  electrolytic  method  in  our 
analytical  laboratory  by  others,  it  appears  that  the  possible  error  in  the 
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electrolytic  method  is  of  the  order  of  0.003  per  cent,  for  careful  work,  and 
0.005  per  cent,  for  rapid  routine  tests. 

The  readings,  in  seconds,  by  the  spectroscopic  method  for  the  special 
samples  are  given  in  Table  2.  These  are  averages  of  ten  readings  by 
two  observers,  A  and  B.     For  comparison,  the  percentage  of  lead  is  cal- 
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Fia.  4. — Calibration'  cuktb,  on  stnthbtic  sAUPiiBB. 

(10  amperea,  220  volta.    Am.  1  cm.  lone.    Uppar  Mrbon,  H  '■>-    Lower  craphiU.  IH  in) 

cuiated  from  the  time  and  the  time-lead  curve,  after  this  had  been  estab- 
lished with  synthetic  samples.  The  errors  expressed  are  the  average 
deviation  from  the  mean,  and  would  probably  represent  the  order  of  the 
possible  error. 
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Table  2. — Comparison  of  Spedroaeopic  and  Analyiie  Methods 


SpMUOMOpla   MMhod 

PuCentLMd 

No. 

TiBM  in  Swondi.  3  Ob»mn 

fromCiiTTB 

DiSmnoe 

A 

B         1        Av, 

1 

2 
3 
4 
5 

65±4 
107  ±3 

94  ±? 

88  ±4 
122  ±2 

76  ±7 
98±5 
104±7 

go±8 

125±8 

70  ±6 
103  ±4 
99  ±8 
89  ±4 

mi4 

0.009±2 

0.017±2 
0.016  ±2 
0,014  ±2 
0.021±2 

0.005±4 
0.009±4 
0,012  ±3 
0.014±2 
0,021±3 

0,004 
0.008 
0.004 
0.000 
0.000 

It  is  to  be  noted  that  we  have  been  dealing  with  the  accidental  errors 
of  the  two  methods,  and  that  we  have  not  attempted  to  express  the  prob- 
able error.  The  figures  indicated  the  existence  of  systematic  errors, 
since  the  determinations  by  the  two  methods  differ  by  m«re  than  the 
possible  error  of  each.  These  differences  are  the  greatest  with  samples 
of  small  lead  content,  the  electrolytic  method  being  uniformly  lower  than 
the  spectroscopic.  It  is  known  that  the  electrolytic  precipitation  of  the 
oxidized  lead  is  not  complete  under  certain  conditions,  and  the 
systematic  error  would  tend  to  give  low  results.  If  we  select  the  highest 
individual  chemical  analysis  we  have  a  much  better  agreement  between 
the  two  methods.  Since  the  spectroscopic  method  is  standardized  under 
the  conditions  of  operation,  any  systematic  errors  in  the  method  will  be 
included  in  the  standardization,  and  we  are  therefore  concerned  only  with 
the  accidental  errors. 

Synthetic  Samples 

Synthetic  samples  were  made  in  the  laboratory  by  adding  a  carefully 
weighed  amount  of  pure  lead  to  the  required  amount  of  molten  pure  cop- 
per (Cu  99.963  per  cent.)  in  new  fire-clay  crucibles  under  charcoal  cover, 
mixing  thoroughly  and  pouring  into  fine  shot. 

The  spectroscopic  readings  were  made  by  the  furnace  foreman  who 
will  use  the  method  in  control  of  the  refining  furnace.  It  should  be 
noted  that  this  observer  is  not  experienced  in  the  use  of  the  spectroscope 
and  his  training  has  been  in  factory  production  rather  than  in  investiga- 
tive work.^  The  readings  were  taken  at  random,  so  the  observer  could 
have  no  indication  of  the  lead  content  of  the  sample  under  test.  The  in- 
dividual readings  are  given  in  Table  3,  and  from  these  the  averages  and 
errors  are  calculated.  The  time-lead  curve  arising  from  these  readings 
is  shown  in  Fig.  4.  (In  regular  factory  operation  the  known  samples 
will  be  run  at  regular  intervals  so  that  any  incorrect  adjustments  will 
be  detected.)  This  is  clearly  the  best  method  for  standardizing  the 
apparatus. 
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Table  3  — 

Time  (Seconds)  on  Synthet 

c  Samples 

Per  Cent.  L»d 

- 

0.003 

O.OOfl 

0.008  0.010  0.018  0.022  0.026 

0.030 

0.0» 

..», 

0 

50 

30 

69 

70 

111|  125    149 

171 

193 

205 

0 

60 

53 

65 

94 

90 

104  '  139 

170 

201 

207 

0 

43 

44 

61 

66     80 

1151130 

161 

160 

205 

0 

SO 

4S 

7fi 

flS 

S« 

111  I  156 

138 

ISO 

23fi 

38 

37 

71 

78 

08 

IIH 

132 

138 

20R 

34 

44 

66 

79 

102 

117 

123 

1J58 

Ififi 

26 

68 

67 
71 

70 

134 
120 

112 

127 

191 
212 

Av.  deviation 

9 

7 

7 

8 

9 

5 

9 

18 

14 

13 

Prob.  error 

3 

* 

2 

3 

3 

2 

3 

9 

14 

6 

High-lead  Samples. — For  the  sake  of  completeness,  a  few  tests  were 
run  on  samples  with  lead  content  much  above  that  usually  determined 
in  copper  refining;  results  are  given  in  Table  4.  On  account  of  the  smaller 
number  of  observations,  the  probable  error  is  greater  than  in  the  samples 
of  small  lead  content. 

Taslb  4. — Readings  on  High-lead  Samples 


Par  C«nt.  Lwul 

0.100 

o.iao 

0.200 

0.300 

Time  Bee 

240 
228 
245 
222 
248 

236 

8 
4 

200 
260 
226 
269 
330 

267 
29 
12 

290 
352 
292 
346 
319 

320 
22 
10 

408 

456 
450 
448 
437 

Doubt  may  naturally  arise  as  to  possible  loss  of  lead  in  making  the 
synthetic  samples.  John  Johnson'  gives  the  vapor  pressure  of  lead  at 
1176°  C,  according  to  Greenwood's  experiments,  as  0.022  atmosphere, 
or  16.7  mm,  Hg.  Using  the  equation  by  Johnson  for  calculating  the 
vapor  pressure,  we  obtain  15.2  mm.  for  the  same  temperature.  It  is 
certain  that  our  samples  were  not  heated  so  high  as  this  and  as  they 
were  made  rapidly  it  is  obvious  that  the  loss  of  lead  must  have  been 
alight.  The  vapor  pressure  of  lead  dissolved  in  molten  copper  would  be 
less  than  that  of  lead  alone,  at  the  same  temperatures.  The  close 
agreement  of  the  analyses  by  the  two  methods  on  special  samples  No.  4 
'/our.  Ind.  &  Eng.  Chem.  (1917),  9,  873. 
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and  5  would  indicate  no  loss  of  lead  in  preparing  the  samples  for 
standardization. 

4,  Vahiationb  in  Conditions 
The  variables  which  might  affect  the  accuracy  of  the  method  are: 

1.  Siie  of  sample. 

2.  Uniformity  of  sample. 

3.  Current  vftriatioos. 

4.  Variations  in  optical  apparatus. 

5.  Arc  length. 

6.  Drafts  around  electrode. 

7.  Speed  of  rotation  of  electrode. 

8.  Personal  factor. 

1—2.  Size  and  Uniformity  of  Sample. — It  is  obvious  that  the  size  of 
the  sample  is  so  small  that  the  method  cannot  be  used  with  material 
which  is  not  homogeneous.  Enlarging  the  sample  to  1  gm.  would  hardly 
make  the  method  applicable  to  this  kind  of  material.  If  the  furnace 
sample  is  properly  taken,  and  is  stirred  before  pouring  into  shot,  we  find 
no  evidence  of  segregation  of  lead  with  the  low-lead  samples  which  we 
have  been  using. 

Error  is  possible  in  weighing  out  the  sample.  Where  analytic  bal- 
ances of  the  usual  type  are  used  it  is  an  easy  matter  to  weigh  rapidly  to 
0.001  gm.  From  the  experiments  with  samples  of  different  weights 
discussed  in  our  previous  paper,  it  is  seen  that  the  time  of  disappearance 
of  a  given  unit  of  lead  is  not  proportional  to  the  weight  of  the  sample. 
These  experiments  indicate  that  an  error  in  weighing  of  0.01  gm.  would  be 
necessary  before  the  resulting  determination  of  lead  would  be  changed 
0.001  per  cent. 

However,  to  be  certain  in  this  matter,  samples  having  different 
weights  were  run,  using  one  sample  of  low-lead  content  (0.005  per  cent.), 
and  one  in  which  it  is  quite  high  (0.050  per  cent.).  Results  are  given 
in  Table  5. 

Table  5. — Variation  d%ie  to  Weight  of  Sample 

Wcifht.  Qm.  coos  Pu  Cent.  Pb..  See.      I       0.090  Per  Cent.  Pb.,  S«. 


0.400 
0.400 
0,401 
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It  is  obvious  that  the  small  errors  in  weighing  do  not  affect  the  lead 
determinatioQ.  A  systematic  error  in  weighing  would  affect  the  standard 
samples  with  which  the  apparatus  is  checked  from  time  to  time,  and  would 
,3oon  be  detected. 

Usiog  the  Joly  balance,  the  0.4-gm.  point  of  which  was  45.0  on  the 
scale,  the  following  times  were  obtained  with  a  sample  containing  0.010 
per  cent,  lead,  the  standard  time  of  which  was  75  sec. 


TitQ«   iD    Svoonds 

44.5 

S6  79  9S 

4C.0 

93  75 

4S.6 

D7  76  50  60 

Average,  75 

The  Joly  balance  can  be  read  within  0.05;  hence  the  error  in  weighing 
with  the  balance  will  not  influence  the  results. 

3.  Current  VariatioTia. — The  arc  is  somewhat  unstable,  but  if  sufficient 
series  resistance  is  included  on  a  high-voltage  line,  the  variations  in  the 
arc,  when  set,  are  not  sufficient  to  affect  the  determination.  The  current 
should  be  large  enough  to  melt  the  sample  readily  and  to  keep  the  globule 
of  copper  at  a  uniform  temperature.  With  low  amperages,  part  of  the 
bead  is  cold  and  erratic  results  are  obtained.  High  amperage  increases 
sputtering  but  gives  better  Ught.  While  our  apparatus  is  standardized 
for  10  amp.  at  220  volts,  good  results  were  obtained  with  11  amp.  With 
our  apparatus  the  amperage  fluctuates  regularly  from  9.75  to  10.25,  and 
gives  a  good  average  of  10  amp.,  as  shown  in  Table  6. 

Table  6. — Variation  due  to  Fluduating  Current 


Cent.  LMid. 

8«. 

1      0.010  Per  Cent.  L«d, 

48  54 

80  87 

43 

75 

42  46 

75  78 

41  40 

66  64 

40  38 

58  58 

SUndftrd.. 


It  would  appear  that  the  current  variation  gives  rise  to  an  error 
of  the  first  magnitude.  However,  with  proper  arrangement,  the  variation 
can  be  reduced  to  a  range  that  will  give  accurate  results. 

4.  Variation  in  Optical  Apparatus. — There  can  be  no  disarrangement 
of  the  optical  apparatus  which  can  affect  its  accuracy  unless  the  operator 
attempts  to  observe  the  disappearance  of  small  amounts  of  lead  with  an 
apparatus  so  poorly  adjusted  that  the  end  is  not  distinct.  One  becomes 
accustomed  to  the  proper  setting  and  immediately  notices  any  change  in 
adjustment. 
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5.  Arc  Length. — While  it  is  an  easy  matter  to  maintain  a  cocstaDt 
arc  length,  it  is  to  be  remembered  that  this  will  not  affect  the  current. 

6.  Drafts. — The  arc  should  not  besubjected  to  drafts  of  air,  since 
these  make  the  arc  unsteady  and  cool  the  bead.  While  we  have  never 
attempted  to  shield  the  arc,  it  is  quite  possible  that  a  properly  devised 
shield  would  promote  even  greater  accuracy, 

7.  Speed  of  Electrode. — The  speed  of  rotation  of  the  electrode  should 
be  such  as  to  center  the  arc  and  keep  it  from  wandering.  Too  great  a 
speed  tends  to  drafts  and  sputtering  of  the  arc.  In  our  apparatus  the  rate 
is  1000  revolutions  per  minute. 

8.  Personal  Factor. — There  appef^rs  to  be  a  personal  factor  in  using  the 
method,  but  it  is  usually  small  and  constant.  One  Observer  may  read  a 
certain  number  of  seconds  longer  than  another  on  the  same  sample; 
this  la  probably  due  to  difference  in  the  sensitivity  of  the  eye.  With 
experienced  observers,  and  even  with  those  who  are  new  to  the  work, 
it  has  been  possible  for  two  observers  to  check  each  other  months  apart. 
Where  there  is  more  than  one  operator  it  would  be  safest  for  each  to 
establish  his  own  calibration  curve,  using  the  same  standard  samples. 

5.  Advantages    and  ,  Limitations 

It  is  obvious  that  the  method  can  be  used  only  on  copper  in  which 
the  lead  is  uniformly  distributed  throughout  the  samples.  If  care  is 
taken  in  preparing  the  shot  from  the  ladle,  we  have  found  no  evidence 
of  segregation.  The  occasional  readings  which  vary  widely  from  the 
average  are,  in  all  probability,  due  to  arc  wandering  or  unsteadiness, 
affecting  the  temperature  of  the  molten  copper.  It  is  our  experience 
that  these  exceptional  readings  are  almost  always  high,  and  we  have 
usually  been  able  to  associate  such  readings  with  irregularities  in  the 
arc.  There  is  a  tendency  for  small  particles  of  the  sample  to  be  thrown 
out  from  the  molten  bead;  this  can  be  lessened  by  rotating  the  upper 
electrode  more  slowly  and  by  cutting  down  the  arc  current.  When 
reduced  to  a  minimum  it  does  not  interfere  with  the  test,  but  is  accounted 
for  in  the  calibration  of  the  apparatus. 

The  advantages  of  the  method  are  facility  and  accuracy.  The 
analyses  can  be  made  in  the  refining  plant  by  the  foreman  or  by  some- 
one who  has  at  least  a  High  School  education.  The  process  of  re&ning 
can  be  followed  rapidly,  without  holding  the  furnace  for  a  chemical 
analysis.  Even  the  last  analysis,  just  before  pouring,  which  requires 
the  greatest  accuracy,  can  be  made  in  a  few  minutes,  and  the  accuracy 
of  the  method  at  this  point  is  greater  than  that  of  the  chemical  method. 

We  are  indebted  to  Messrs.  Hineline  and  Nuzum  for  the  spectroscopic 
tests  on  the  special  and  synthetic  samples,  and  to  Messrs.  Gwaltney  and 
Demler  for  the  chemical  analyses. 
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Appendices 

1.  Liat  of  Materials 
Arc  Apparatiii: 

Motor-geneiator  set. 

Westiughouse  3-hp.  ind.  motor,  220-voIt,  3-phue,  style  170,906. 

Wmtinghouse  S-hp.  d.-c.  generator,  230-voIt,  style  212,677. 
Rheostat  ou  motor-gener&tor  set,  Westinghouse  field  rheostat,  30  ohnu. 
Rheostat  in  series  with  arc,  Westinghouse  field  rheostat,  200  ohms. 

260-voIt  style. 
)^-hp.  motor,  or  smaller,  for  rotating  electrode. 
3-pole,  aingle-throw,  switch  for  motor-generator  set. 
2-poIe,  single-throw,  switch  for  arc  and  motor. 
1  snap  switch  for  motor  on  rotating  electrode. 
Ammeter,  d.-c.,  0  to  15  amp.,  switchboard  type. 
Arc  adjusting  outfit. 

Graphite  cups  and  upper  carbon  electrodes. 
Remodeled  drill  press  for  rotating  upper  electrode. 

Optical  Xpparoiiu; 

Spectroscope  or  grating,  with  lens  to  focus  arc  image  on  slit. 

Acetitoritt: 

Scale,  or  Joly  balance. 

Screen  for  observing  arc  (colored  glass). 

Stop-watch. 

Standard  weight. 

2.  Method  of  Chemical  Analysis  for  Lead  in  Copper 

A  10-gm.  sample  is  dissolved  in  45  c.e.  nitric  acid  (s.g.  1.40).  The  solution  is 
boiled  until  evolution  of  nitric  oxide  fumes  ceases,  and  it  is  then  neutralized  with 
ammonia.  The  precipitate  is  dissolved  in  nitric  acid  and  S  c.c.  cone,  acid  is  added  in 
excess.  The  solutioa  is  then  diluted  to  125  c.c.  and  electrolyzed  30  min.  with  a 
current  of  1  amp.  at  26  volts.  The  electrode  is  a  platinum  gauxe  cylinder  2  in. 
high,  ^  in.  diameter,  with  lO^nil  wire,  50  to  the  inch,  givii^  an  anodic  area  of  approxi- 
mately 15  sq.  in.  or  100  sq.  cm.    The  electrode  is  washed  in  alcohol  and  dried  at  180°  C. 

3.  Test  of  Joly  Balance 

Instead  of  the  regular  analytic  balance,  it  has  been  proposed  to  use  a 
Joly  balance,  which  may  be  cahbrated  from  time  to  time  with  a  standard 
weight  (0.4  gm.)  equal  to  the  copper  sample  to  be  used.  For  testing  our 
Joly  balance,  the  weights  were  0,4000  ±  5  gm.,  and  the  readings  (scale 
in  centimeters)  were; 
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.7S    Average  44. 75 ±1 
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Repeated  readinga  with  the  standard  weight  on  the  Joly  balance  gave 
the  same  values  (44.75  +  1).  The  Joly  balance  can  be  made  equal  if 
not  superior  in  accuracy  to  the  analytical  balance  over  a  given  range,  and 
is  more  rapid.  Probably  the  accurate  types  of  torsion  balance,  such  as 
made  by  the  Roller  Smith  Co.,  Bethlehem,  Pa.,  and  used  for  weighing 
lamp  filaments,  might  be  used  in  this  work,  but  they  are  rather  expensive.' 
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Notes  oa  Electric-furnace  Problems 


'  PnTBBUROH,   PA. 
(N<w  York  Mestinc,  Fsbnury.  lOlB) 

There  are  two  general  daises  of  problemB  in  coDDection  with  electric 
furnaces.  First,  those  relating  to  the  best  utilizatioa  of  the  electrical 
power  inside  the  furnace;  second,  those  connected  with  the  bringing  of 
the  electrical  power  to  the  point  where  it  is  to  be  utilized.  Referring 
particularly  to  the  latter  class  of  problems,  many  calculations  have  been 
made,  covering  a  wide  variety  of  furnaces,  to  check  the  electrical  capacity 
and  power  factor  found  from  test.  The  following  analysis,  made  for  the 
purpose  of  determining  the  maximum  capacity  and  approximate  perform- 
ance of  a  new  furnace,  to  operate  at  160  volts  on  a  60-cycIe  circuit,  may  be 
of  interest.  > 

The  first  characteristic  necessary  to  determine  is  the  inductance, 
since  this  is  the  factor  that  limits  the  amount  of  power  which  can  be  put 
into  the  furnace.  Inductance  is  calculated  from  the  dimensions  of  the 
furnace,  according  to  formulas  of  the  U.  S.  Bureau  of  Standards,^  as 

Formula  99,  for  mutual  inductance,  is: 
follow^. 

M-2i[log^'-H-^] 

Formula  103,  for  self -inductance,  is: 


L.2,[,o4'-I  +  f] 


Both  of  these  formulas  are  approximations  which  are  nearly  correct 
when  I  is  great  compared  to  d  or  R. 

I  =  length  of  circuit,  in  centimeters, 

d  =  separation  between  the  conductors,  in  centimeters, 

R  =  geometric  mean  radius  of  conductors.     For  a  circular  tube, 

R  =  the  radius  of  the  circle.     For  a  solid  circular  conductor,  R  =  0.7788 

X  the  radius  of  the  conductor.     For  a  rectangular  conductor,  R  =  0.2235 

X  (a  +  b),  a  being  the  length,  and  b  being  the  width  of  the  rectangle. 

To  calculate  the  inductance  of  a  3-phase  circuit,  it  is  customary  to 

figure  the  inductance  of  one  leg.     In  circuits  where  the  three  conductors 


"  Geaentl  Engineer,  Wcslinghouse  Elec.  &  Mfg.  Co. 
^BiaL  U.  S.  Bureau  of  Standards  (1912),  8,  No.  1. 
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are  arranged  in  a  plane  with  equal  spacing,  the  equivalent  separation  of  all 
three  conductors  from  each  other  is  equal  to  -^2  times  the  actual  separation. 
The  inductance  of  one  leg  of  the  3-phase  circuit  is  obtained  by  subtracting 
the  mutual  inductance  M  from  the  self  •inductance  L.  This  is  because  the 
action  of  the  current  returning  in  the  other  wires  reduces  the  inductance 
of  the  wire  that  is  being  calculated. 

The  tjfpe  of  electric  furnace  under  consideration  is  similar  to  that 
shown  in  Fig.  1.  For  purpose  of  calculation,  the  furnace  circuit  was 
divided  into  four  parts:  electrode,  holder,  flexible  lead,  and  transformer 


\.  1. — Furnace  B. 


(including  interlaced   copper  strap  between  transformer  and  flexible 
lead).     Dimensions  of  these  parts  of  the  circuit  are  as  follows: 


R    40.8 

L'    763  (10)-»  henry 


7.62 

U53  (10)-»  henry 


1276  (10)-*  henry 


L'  =  L  —  M,  and  is  the  effective  inductance  of  the  conductor,  taking 
into  account  both  mutual  and  self-inductance,  as  previously  outlined. 

The  reactance,  in  ohms,  of  any  circuit  may  be  calculated  by  the 
formula:  X  =  2t/L'  where  /  is  the  frequency  and  L'  the  inductancp,  as 
above. 

Using  this  formula,  the  reactance  of  the  electrode,  holder,  and  flexible 
lead,  on  60  cycles,  is  calculated  as  0.001318  ohm.  To  allow  for  the 
reactive  drop  in  the  transformer  and  interlaced  copper  strap  connections, 
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a  reactive  drop  of  IS  per  cent,  was  aaBumed  at  full  load.  Tbie  means 
that  with  30,000  amperes  flowing  into  the  furnace  per  phase,  and  160 
volts  between  phases,  that  is  92.3  volts  between  each  phase  and  neutral, 
the  reactive  drop  would  be  0.15  X  92.3  =  13.85  volts.  .  To  obtain  the 
reactance,  this  reactive  drop  in  volts  was  divided  by  the  current  in  am- 
peres, giving  0.000462  ohm.  Adding  this  to  the  reactance  found  for  the 
electrode,  holder,  and  flexible  lead,  a  total  reactance  for  the  furnace  cir- 
cuit of  0.00178  ohm  was  obtained. 

As  such  calculations  are  necessarily  but  approximations,  it  is  impor- 
tant to  be  able  to  check  by  tests  on  similar  furnaces.  In  this  case,  tests 
on  two  other  simUar  furnaces  were  fortunately  available.  These  were 
furnace  A  which  operates  at  158  volts,  25  cycles,  and  furnace  B  which 
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FlO.  2.— PBBFOBMANCK  OF  FDRNACB  A.     25  CTCLBS. 

(TraDBfonner  exciting  current  equivalent  to  4620  low-tension  amperes.) 

operates  at  97  volta,  60  cycles.  The  performance  curves  for  these  two 
furnaces  are  given  in  Fig.  2  and  3.  It  will  be  noted  that  furnace  A 
operates  at  practically  the  same  voltage  as  the  proposed  furnace,  though 
at  a  different  frequency,  while  furnace  B  operates  at  the  same  frequency 
though  at  a  different  voltage.  By  analysis  of  the  test  curves,  Fig.  2  and 
3,  the  reactance  of  the  furnace  was  determined  as  0.00205  ohm  forfur- 
nace  B  and  0.000741  ohm  for  furnace  A.  Correcting  the  value  of  react- 
ance for  furnace  jl  to  60  cycles,  it  is  0.001775  ohm.  It  happened,  how- 
ever, that  the  overall  power  factor  shown  on  the  curve  for  furnace  A 
included  the  transformer  exciting  current,  which  was  in  the  neighborhood 
of  15  per  cent,  of  the  full-load  current  value.  Such  an  exciting  current  is 
abnormally  high  for  furnace  transformers,  and  in  the  layout  for  the 
proposed  furnace  it  was  planned  to  use  transformers  having  so  small  an 
exciting  current  as  to  have  a  negligible  effect  upon  the  power  factor. 


ifl  by  Google 


1596 


NOTES  ON  ELECTRIC- POENA  CE  PROBLEMS 


Taking  the  power  factor  Bhown  on  the  curve  for  furnace  A  at  60,000 
amperes  (which  current  corresponds  at  25  cycles  to  25,000  amperes  at 
60  cycles)  as  being  due  to  reactance  only  and  no  exciting  current,  the 
reactance  of  furnace  A  would  be  0.000934  ohm;  correcting  this  for  60 
cycles,  the  value  is  0.00224  ohm. 


In  comparing  the  three  furnaces,  their  dimensions  were  considered 
with  regard  to  their  effect  on  inductance,  remembering  that  inductance 
varies  directly  with  the  length  of  the  circuit  and  with  the  logarithm  of 
the  ratio  of  separation  to  radius  of  conductor.  The  dimensions  of  the 
furnaces,  aa  far  as  available,  are  as  follows: 


El«ctrode  length '  11'  4" 

Electrode  Bcction |  18"  X  54" 

Electrode  separfttion i  5'  0" 

Electrode  holder  length i  9'  3" 

Electrode  holder  section ....   6"  dia.  tube 

Flexible  load  length ,  10' 

Reactance  at  60  cycles 0.00178  ohm  (i 

culatcd) 
Total  length  of  one  leg 30'  7" 


7' 6"  4' 9" 

,  11'  3" 
7H"  X  10" 
11' 6"  to  19' 6" 
0.00224     ohm       0  00205      (test, 

(teat,  modified)        modified) 
29'  2" 


It  will  be  noticed  that  the  calculated  reactance  of  the  proposed  furnace 
is  less  than  the  total  reactance  of  the  other  two.  The  electrode  separa- 
tion on  the  proposed  furnace  is  less  than  on  furnace  A,  and  the  flexible 
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IctLilii  are  tjliorter,  so  that  the  inductance  should  be  less.  The  total  length 
of  circuit  for  the  propoaed  furnace  is  slightly  greater  than  that  of  furnace 
B,  and  the  separation  is  also  greater^  so  that,  provided  the  cross-section 
of  the  circuit  is  the  same,  the  proposed  furnace  should  have  higher  induc- 
tance than  furnace  B.  Since  no  data  were  available  on  the  section  of  the 
conductors  used  for  furnace  B,  it  was  felt  that  0.0021  ohm  would  be  a 
conservative  figure  to  employ  as  the  value  of  the  reactance  of  the  proposed 
furnace,  taking  into  account  the  test  and  data  on  furnace  A. 

The  performance  of  the  proposed  furnace,  calculated  with  the  reac- 
tance of  0.0021  ohm,  is  shown  by  the  curve  in  Fig.  4,  compared  with  the 
test  curves  of  the  other  two  furnaces  modified  to  a  uniform  basis  of  160 
volts,  60  cycles.    The  tests  on  furnace  A  were  changed  to  correspond  to 
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Fia.  4. — CouPASATrvB  pbrporu&mcii  op  160-voi.t,  CQ-ctclb  fubnacgb. 

the  proposed  conditions  by  reducing  the  current  in  the  ratio  of  60  to  25. 
This  should  give  a  fair  comparison  of  power  factor  for  the  reason  that, 
since  the  voltages  are  the  same  in  both  cases,  the  reactance  voltage  drop 
would  be  the  same  for  the  same  power  factor.  Since  the  reactance 
voltage  drop  is  proportional  to  the  product  of  current  and  frequency,  if 
the  current  is  changed  in  the  inverse  ratio  to  the  frequencies,  the  reactance 
voltage  should  remain  the  same.  The  test  results  on  furnace^!,  modified 
in  this  manner,  are  plotted  in  Fig.  4,  with  the  calculated  performance  of 
the  proposed  furnace. 

In  order  that  the  test  results  on  furnace  B  might  be  on  a  comparative 
basis,  they  were  treated  as  follows:  Since  the  operating  voltage  of 
furnace  £  is  97  while  that  of  the  proposed  furnace  is  assumed  as  160,  a 
given  power  factor  would  allow  only  (97  -^  160)  times  as  much  reactance 
voltage  drop  in  furnace  B  as  for  the  proposed  furnace.     Certain  current 
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values  were  chosen  on  the  curve  for  furnace  B  and  the  corresponding 
power  factors  were  tabulated.  The  reactance  factor  corresponding  to  a 
given  power  factor  is,  of  course,  the  sine  of  the  angle  whose  cosine  is  the 
power  factor.  Multiplying  the  reactance  factor  by  (97  -s-  1.73)  gave  the 
reactance  voltage  drop  per  leg.  This  reactance  voltage  drop  was  then 
multiplied  by  the  ratio  of  the  voltage  (160  -^  97)  in  order  to 
obtain  the  corresponding  reactance  voltage  at  the  same  power  factor  and 
at  160  volts.  Since  this  reactance  voltage  is  equal  to  the  product  of  the 
current  and  the  reactance,  and  since  the  reactance  of  the  proposed 
furnace  is  approximately  equal  to-  the  reactance  of  the  furnace  B,  the 
ratio  of  the  current  which  will  flow  into  the  new  furnace  to  the  current 
flowing  into  furnace  B  is  the  same  as  the  ratio  of  the  reactive  volt^es, 
which  again  is  the  same  as  the  ratio  of  the  voltages,  that  is  160  to  97. 
The  curve  for  furnace  B  modified  for  160  volts  is  shown  in  Fig.  4  together 
with  the  curves  for  furnace  A  and  the  new  furnace. 

The  above  is  simply  an  example  of  the  way  in  which  heavy-current 
furnace  problems  may  be  worked  out.  The  important  thing  is  to  have 
*  plenty  of  test  data  to  refer  to  for  check  purposes.  As  shown  by  Fig,  4, 
the  maximum  useful  input  which  the  furnace  under  consideration  could 
possibly  Cbke  would  be  in  the  neighborhood  of  31,000  amperes  at  160 
volts,  approximately  71  per  cent,  power  factor,  3  phase,  which  would  be 
8600  k.v.a.  or  approximately  6000  kilowatts. 

Acknowledgment  is  gladly  made  to  R.  H.  Willard,  who,  under  the 
writer's  direction,  made  the  detailed  analysis  of  test  results  and  the 
calculations  for  this  furnace. 
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Notes  on  Certain  Ore  Deposits  of  tlie  Southwest 

BY    W.    TOVOTX,   E.   U.,  T0CSON,  AKIZ. 
(New  York  Mfteting,  Fsbruuy.  IBIB) 

Teos  paper  is  based  upton  12  years'  experience  in  the  Southwest, 
including  three  years  that  were  spent  in  constant  traveling  as  ex- 
amining engineer  for  the  Phelps-Dodge  Corporation.  The  material  was 
gathered  during  rather  extensive  work  in  Bisbee,  Chfton-Morencij  Globe, 
and  Tombstone,  and  also  on  short  and  rapid  trips  into  most  of  the  mining 
camps  and  prospect  fields  of  New  Mexico,  Arizona,  the  desert  country  of 
California,  and  as  much  of  Sonora  as  was  safe  at  the  time.  My  methods 
of  observation  and  my  deductions  are  not  put  forward  as  new  or  scientific; 
they  are  simply  rough  field  methods,  based  upon  short  notes,  rough 
sketches,  and  largely  upon  memory,  which  I  have  found  useful  for 
codrdinating  geological  data  for  the  purpose  of  passing  quick  judgment 
on  mining  possibilities  in  certain  districts  exhibiting  uniform  charac- 
teristics. The  opportunities  for  observation  have  been  better  these  last 
few  years  than  ever  before,  due  to  the  unprecedented  activity  in  mining, 
which  has  caused  the  reopening  of  hundreds  of  old  mines  and  the  starting 
of  even  more  numerous  prospects  all  over  the  mining  States. 

PossiBLB  Systems  op  Classification 

By  Geological  Provinces 

There  are  a  number  of  well  defined  geological  provinces  in  the  territory 
under  discussion,  and  a  study  of  their  individual  features  is  of  interest. 
The  following  are  a  few  of  those  that  are  most  striking  in  their  uniformity. 

1,  The  "Desert  province,"  extending  roughly  from  Wickenburg, 
Ariz.,  to  and  beyond  Barstow,  Cal,  In  its  north-south  extent  it  reaches 
up  to  the  Colorado  River  and  down  into  Souora,  but  overlaps  other  pro- 
vinces. It  is  characterized  by  a  worn-down  basement  of  schistose  and 
granitic  rocks,  on  which  rest  remnants  of  Paleozoic  and  pre-Paleozoic 
sediments,  including  very  old  limestones.  The  sediments  are  disrupted 
and  contorted.  Alteration  in  the  minerahzed  areas  is  very  prominent, 
especially  in  the  schists  and  limestones.  Cenozoic  volcanic  rocks, 
principally  of  semi-basic  composition,  have  been  intruded  into  this 
complex  and  sometimes  cover  it  as  lava  flows. 

2.  The  "Yavapai  schist"  province,  similar  to  the  one  first  mentioned, 
consists  of  metamorphosed  basic  and  semi-basic  rocks.    It  lies  in  northern 
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Yavapai  and  Gila  counties,  having  Jerome  and  Mayer  as  principal 
mining  centers. 

3.  The  territory  of  the  great  lava  fields  in  north  and  central  New 
Mexico. 

4.  The  "Red  Beds"  in  the  same  district. 

The  outlines  and  the  characteristics  of  these  provinces  help  somewhat 
toward  understanding  the  mines  and  prospects  in  them,  but  I  have 
found  it  to  be  of  only  slight  advantage  to  classify  ore  deposits  according 
to  their  geological  provinces,  because  too  many  widely  differing  deposits 
are  likely  to  be  found  in  the  same  geolt^cal  district. 

By  Form  of  Ore  Deposits 

Classification  according  to  the  form  that  an  ore  deposit  has  assumed 
may  serve  for  purposes  of  subdivision,  but  it  is  of  httle  practical  use 
because  the  form  is  merely  accidental,  depending  upon  the  structure  and 
chemical  properties  of  the  invaded  country-rock,  and  the  factors  of 
stress  and  depth  of  burial.  In  consequence,  a  number  of  different  forms 
may  occur  in  a  single  camp.  Some  of  the  most  prominent  forms  are: 
(1)  Veins.  (2)  Lodes,  intermediate  between  veins  and  disseminated 
deposits.  (3)  Disseminated  deposits.  (4)  Infiltration  deposits.  (5) 
Contact-metamorphic  deposits.  (6)  Replacement  deposits.  (7)  De- 
trital  deposits. 

The  ore-forming  agencies  react  differently  in  different  rocks.  The 
same  fracturing  force  would  produce  a  trunk-channel  in  a  granitic  mass- 
ive, but  a  stockwork  of  interlocking  fissures,  or  a  lode,  in  porphyry;  if 
would  cause  lamination  in  schist,  or  devious  and  quickly  cemented  breaks 
in  limestone;  it  might  almost  disappear  in  plastic  shale  but  break  through 
brittle  quartzite  in  a  series  of  compound  cracks.  Thus  the  same  mineral- 
izing activity  might  produce  a  vein  in  granite,  a  disseminated  or  lode  de- 
posit in  porphyry,  an  infiltration  deposit  in  schist,  or  contact  metamorphic 
or  replacement  deposits  in  limestone;  it  might  form  rich  ore  zones  at  the 
contact  with  shale,  but  remain  barren  in  them,  and  cause  irregular  stringer 
veins  and  replacements  in  quartzite. 

By  Composition  of  Origincding  Magma 

Disregarding  detrital  deposits,  all  ore  deposits  in  the  Southwest  show 
an  intimate  connection  with  igneous  rocks,  and  the  different  types  of 
intrusives  have  produced  certain  unmistakable  characteristics  in  the 
resulting  ore  deposits,  no  matter  in  which  geological  province  they  may 
occur.  A  classification  according  to  the  igneous  mineralizing  rocks  has 
more  elements  of  universal  adaptability  for  this  limited  area  than  any 
other  system  that  has  been  tried.  It  would  not  be  applicable,  of  course, 
to  a  wider  territory,  because  well  established  types  are  known  dsewhero 
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wUicli,  according  to  the  l>est  authorities,  do  not  reveal  any  connection 
with  igneous  source. 

Igneous  Rocks 

In  field  work,  and  for  the  purpose  of  this  paper,  I  dispense  with  the 
standard  appellations  of  the  igneous  rocks,  except  in  rare  unmistakable 
cases,  and  use  instead  the  following  classification: 

1.  Ultra-acid  rocks;  quartz  dikes  and  quartz-pegmatites. 

2.  Acid  rocks:  havingprominent  quart!:asacoDStituent,likegranite8, 
quarts-monzonites  and  quartz-diorites. 

3.  Semi-acid  rocks:  light-colored,  with  little  or  no  quartz. 

4.  Semi-basic  rocks:  dark-colored,  corresponding  roughly  to  the 
monzonite  and  diorite  famiUes. 

5.  Basic  rocks;  dark  colored,  embracing  diabases,  gabbros,  basalts, 
and  related  rocks. 

6.  Ultra-basic  rocks:  amphibolites,  pyroxenite3,peridotit&,  and  rocks 
abnormally  rich  in  iron. 

All  these  groups  of  rocks  have  been  found  in  connection  with  ore 
deposits,  but  No.  2,  3,  and  4  are  by  far  the  most  important. 

Structural  variations  are  designated  as:  Holo-crystaUine,  or  granitic; 
semi-cryatalHne,  or  porphyritic;  dense,  or  rhyolitic;  aphanitic,  or  glassy. 

PbRIODS    of    VOLCANISM,    PERIODS    OF    OrE    DEPOSITION    AND    SYSTEMS 

OF  Fracturing 

Igneous  activity  in  the  Southwest  was  concentrated  in  several 
distinct  periods,  accompanying  and  following  great  continental  changes. 
The  oldest  of  these,  in  pre-Paleozoic  times,  is  of  little  interest  in  this  dis- 
cussion, because  no  ore  deposits  can  unmistakably  be  connected  with 
it;  even  those  the  origin  of  which  antedates  the  Mesozoic  era  are  ex- 
tremely  rare,  and  proof  of  their  age  is  not  above  doubt.  Two  periods  of 
voicanism  stand  out  preeminently: 

1.  The  Mesozoic  Era,  ranging  from  late  Cretaceous  into  early 
Tertiary. 

2.  The  Cenozoic  Era,  or  Tertiary  period. 

Mesozoic  Igneous  Rocks 

The  Mesozoic  period  was  inaugurated  by  the  "great  Cretaceous 
transgression"  which  swept  over  an  old  continent  and  buried  it  beneath 
the  sea.  The  igneous  rocks  of  this  period  are  mostly  granitic,  less  fre- 
quently porphyritic,  in  texture,  and  the  horizons  now  exposed  were  at 
one  time  overlain  by  strata,  long  since  removed.  All  types  of  rocks  are 
represented,  but  acid,  semi-acid  and  basic  magmas  prevail.  The  acid 
rooks  have  the  widest  distribution  as  well  as  the  greatest  importance  as 
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mineralizers.  Ultra^cid  rocks  appear  with  aome  of  the  leas  importaut 
deposits.  Basic  and  semi-basic  intniaives  seem  to  have  produced  ore 
only  in  a  few  places,  and  even  there  their  importance  has  been  questioned. 
For  these  reasons,  I  shall  not  attempt  afurther  division  of  the  Mesozoic  ore 
deposits  according  to  their  mineralizers. 

Tertiary  Igneous  Rocks 

The  Tertiary  period  witnessed  a  gradual  recession  of  the  ocean  and  the 
emerging  of  a  new  continent.  The  change  was  not  as  abrupt  and  univer- 
sal as  that  of  Cretaceous  time,  but  was  the  result  of  a  series  of  oacillatioDS. 
The  volcanic  activity  accompanying  it  was  very  widespread  and  intense. 
Its  products  are  the  mighty  lava  fields,  still  impressive  after  ages  of  dis- 
ruption and  erosion,  besides  volcanic  necks,  bosses,  and  intrusive  dikes. 

Magmas  of  all  compositions  are  represented,  but  acid,  semi-basic  and 
baaic  magmas  prevail.  The  texture  is  principally  rhyolitic,  less  frequently 
porphyritic  or  glassy.  The  sequence  is  generally :  1 .  Semi-basic ;  2.  Acid ;  3. 
Basic.  In  some  localities,  the  cycle  has  been  duplicated,  in  others  only 
a  part  of  it  was  developed  or  has  survived,  This  produces  some  apparent 
or  actual  inconsistencies  in  the  relative  age  of  the  different  rocks.  The 
varying  acidity  of  the  mineralizing  magmas  has  afforded  strikingly  differ- 
ent characteristics  of  their  respective  ore  deposits;  I  therefore  subdivide 
the  Tertiary  ore  deposits  as  follows: 

1.  Aodeaitic  deposits,  caused  by  semi-basic  minerahzera.  2.  Rhyolitic 
deposits,  cauaed  by  acid  mineralizers.  3.  Basaltic  deposite,  caused  by 
^basic  mineralizers. 

There  is  a  marked  difference  between  Mesozoic  and  Tertiary  deposits, 
even  when  produced  by  mineraUzers  of  similar  composition.  This  is 
due  partly  to  different  conditions  in  temperature  and  depth,  and  partly 
to  the  varying  length  of  time  during  which  modifying  agencies  have  been 
able  to  work  on  the  deposits. 

(Systems  of  Fraduring 

The  forces  which  produced  both  the  volcanism  and  the  great  continen- 
tal changes  radiated,  in  all  probability,  from  certain  well  defined  centers, 
and  acted  in  the  same  general  direction  over  wide  sections  of  the  country. 
It  ia  therefore  not  surprising  that  the  different  periods  show  a  marked 
preference  for  certain  directions  of  fracturing,  as  now  indicated  by  the 
respective  porphyry  dikes  and  veins.  Of  course  this  is  not  an  invariable 
rule,  because  great  uniform  rock  masses,  like  bathohths,  caused  devia- 
tion of  the  fissuring.  In  other  places  the  fracturing  force  may  have  had  a 
local  origin,  for  instance,  a  detached  volcano.  In  other  placea,  the  ex- 
ception may  be  only  apparent,  a  dike  having  been  deflected  from  ite 
normal  course  by  a  preexisting  fault,  or  ore-forming  agencies  deviated  by 
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such  cbannela  or  by  favorable  rocka.  In  spite  of  many  exceptions,  actual 
and  apparent,  I  have  time  and  again  noticed  a  coincidence  between 
direction  of  fracturing  and  age  of  the  occurrence,  and,  in  otherwise 
doubtful  cases,  have  even  considered  the  direction  a  factor  in  deter- 
mining the  age  of  a  deposit. 

Mesozoic  fracturing  is  principally  io  northeast-southwest  direction; 
Ceuozoic-andesitic  fracturing  favors  northwest-southeast;  and  Cenozoic- 
rbyoUtic  favors  north-south  and  east-west  fracturing. 

Thb  Mbsozoic  Obb  Deposits 

The  Mesozoic  ore  deposits  of  the  Southwest  include  most  of  the 
largest  and  well  known  mines,  especially  those  of  copper.  Bisbee,  Globe, 
Clifton-Morenci,  Miami-Inspiration,  and  Ray,  in  Arizona,  Chino  in  New 
Mexico,  La  Caoanea  in  Sonora,  belong  in  thia  group;  also,  probably,  the 
Burro  Mfs.,  Organ  Mts.,  and  San  Pedro  districts  in  New  Mexico  and  the 
Twin  Buttes  district  in  Arizona,  but  in  these  latter  cases  a  younger 
nineralization  has  possibly  supplemented  the  original  Mesozoic 
mineralization. 

Acid  intrusivea  of  the  quartz-monzonite  type  are  most  prominent. 
Basic  mineralizers  are  indicated  in  Globe  and  in  parts  of  the  Clifton- 
Morenci  district.  The  fracturing  is  normally  in  N.E.-S.W.  direction. 
The  volcanic  activity  was  of  long  duration;  in  Clifton-Morenci  and  in 
the  Twin  Buttes  district.  Cretaceous  strata  have  been  invaded  by  the 
monzonite;  in  Bisbee  they  have  not.  Many  of  the  districts  do  not  show 
the  intrusives  and  the  Cretaceous  strata  in  juxtaposition,  and  the  exact 
age  of  the  intrusion  cannot  be  determined. 

The  ore  deposits  are  principally  those  of  moderate  temperature,  but  a 
few  high-temperature  deposits  are  known.  Many  of  the  districts  began 
by  working  contact  deposits,  probably  of  high-temperature  origin,  but 
their  present-day  importance  depends  on  ores  which  do  not  indicate 
deposition  under  conditions  of  either  great  stress  or  high  temperature. 
The  mines  are  scattered  over  a  series  of  islands  of  older  rocks,  emerging 
from  the  surrounding  lava  fields  or  gravel-covered  valleys  and  mesas. 
The  prospective  area  is  much  smaller  than  that  of  the  more  recent  periods 
of  mineraUzation.  The  ratio  of  successful  mines  to  the  total  number  of 
prospects  is  high.  RemineraUzation  by  descending  waters  has  proceeded 
for  a  long  time,  and  oxidation,  kaoUnization,  and  kindred  processes,  are 
far  more  complete  than  in  the  younger  deposits.  The  mineralogy  is 
generally  very  simple,  often  almost  uninteresting,  except  for  the  changes 
wrought  by  secondary  processes. 

PegmaHtic  Deposits 
Pegmatitic  deposits  connected  with  ultra-acid  dikes  are  known,  but 
are  not  of  great  economic  importance;  for  instance,  the  tungsten  veins 
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near  Johnson  Canip,  copper-molybdenite  and  tungsten  veins  in  the 
Hualpai  Mts.  and  AquariuB  Range,  Ariz.,  in  whose  vicinity  stream-tin 
has  been  found.  Bismuth  is  encountered  in  the  veins  occaaionally;  tour- 
maline is  frequent  in  the  veins,  but  not  in  the  ore  shoots.  Closely  related 
are  copper-zinc  veins  in  the  Hualpai  Mts.,  in  granite-schist  country-rock 
with  actinolite  as  prominent  gangue  mineral.  The  universal  gangue 
is  naturally  quartz,  sometime  with  orthoclase  and  muscovite.  Rare 
minerals  reported  from  these  deposits  are:  Arizonite,  possibly  only  a 
gadolinite,  well-crystallized  molybdite,  and  huebnerite  Lntergrown  with 
bismutitc.  Deposits  of  this  type  are  considered  as  of  high-temperature 
origin.  Bismuth  deposits  in  the  San  Andres  Mts.,  New  Mexico,  probably 
also  belong  in  this  group,  but  arc  not  decidedly  pegmatitic  in  origin. 
They  are  found  in  laminated  schist,  and  a  number  of  rare  bismuth  min- 
erals are  reported.  Ore  high  in  bismuth  has  been  atoped,  but  the  economic 
importance  of  the  occurrence  remains  to  be  proved. 

Contad-metamorphic  Deposits 

Deposits  of  this  nature  gave  the  start  to  a  number  of  the  greatest 
mining  centers  in  the  Southwest.  Some  of  these,  after  exhausting  the 
contact  deposits,  now  work  on  different  types  of  ore;  others  continue 
in  the  original  type.  The  mineralogy  of  the  contact-metamorphie 
deposits  is  the  most  variegated  among  the  Mesozoic  deposits  so  far  as 
gangue  minerals  are  concerned ;  the  metalhc  mineralization  is  uniform  and 
simple.  Both  have  been  exhaustively  described.  Exceptional  instances 
are  the  occurrence  of  bismutite  and  bismutinite  in  Organ,  New  Mex., 
in  connection  with  contact-metamorphie  copper  ores  (Memphis  mine), 
fluorite  gangue  (Bennett-Stephenson  mine),  and  intimate  intergrowth  of 
galena  and  epidote  (Modoc  mine) ;  but  the  mineralization  in  the  Organ 
Mts.  district  has  been  decidedly  influenced  by  porphyritic  intrusions 
younger  (possibly  Tertiary-rhyohtic)  than  the  main  quartz-monzonite 
which  produced  the  contact  metamorphism.  How  closely  contact  deposits 
are  interlinked  with  other  types,  and  therefore  how  unsatisfactory  are 
former  systems  of  classification,  is  shown  in  most  of  the  principal  districts. 
The  following  incomplete  Ust  of  districts  shows  the  prominent  forms  in 
which  the  ore  deposits  occur: 

Biebee. — Contact  deposits,  metasomatic,  or  replacement,  and  dissemi- 
nat«d  deposits. 

Clifton-Morend. — Contact,  replacement,  disseminated,  and  vein 
deposits. 

Pinal  Mts.  district,  comprising  Globe,  Miami-Inspiration,  Ray, 
and  Christmas. — Contact,  replacement,  vein,  and  disseminated  deposits. 

China. — Contact,  replacement,  disseminated,  and  vein  deposits. 

Twin  Buttes. — Contact,  replacement,  and  lode  deposits. 
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San  Pedro. — Contact  and  replacement  deposita. 

Organ  Mts. — Contact,  replacement,  and  vein  deposits. 

All  these  districts  are  principally  coppei-  producers.  The  only 
straight  lead  contact  deposit  is  in  the  Modoc  mine  at  Organ.  Lead-zinc 
mineralization  is  found  in  most  of  these  copper  districts,  sometimes 
important,  sometimes  so  overshadowed  by  the  copper  production  that 
it  remains  practically  unknown.  Where  lead  and  zinc  occur,  their 
ores  usually  follow  the  outer  edge  of  the  mineralized  area.  Extensive 
deposits  of  lead  or  zinc,  or  lead  and  zinc,  principally  as  replacement 
deposits,  are  known  in  Bisbee  (Copper  Queen  and  Shattuck);  Globe 
(Irene  mine),  here  also  in  veins  (Powers  Gulch);  Chino  (Hanover  and 
Vanadium);  Cananea;  San  Pedro;  Twin  Buttes;  and  Oi^an  Mts. 

The  distinctive  metallic  minerals  of  all  the  deposits  of  this  group  are 
pyrite  and  chalcopyrite,  frequently  bornite  in  copper  deposits,  and  galena 
and  sphalerite  in  the  lead-zinc  deposits.  Tetrahedrite  and  enargite  are 
found  in  the  veins,  but  not  often.  Gangue  minerals  are  primarily  quartz 
and  sericite;  secondarily,  kaolin,  sericite  and  sometimes  calcite.  Hematite 
is  found  in  the  rare  deposits  which  might  be  ascribed  to  basic  mineraliisers. 
Gold  and  silver  are  low,  as  a  rule,  and  seldom  have  an  important 
bearing  on  the  value  of  these  deposits,  even  in  the  lead  mines,  where  silver 
is  normally  most  prominent.  Secondary  enrichment  of  copper  ores  is 
strongly  developed.  Chalcocite  is  the  principal  product;  covellite  is 
mentioned  from  several  places  and  I  have  seen  it  in  Bisbee,  Morenci, 
and  Twin  Buttes.  Secondary  concentration  of  the  precious  metals  is 
practically  unknown. 

The  Disseminated  Copper  Deposits 

These,  which  are  probably  the  best  understood  examples  of  Mes- 
ozoic  ore  deposition,  deserve  separate  mention,  not  because  they  are 
genetically  an  independent  type,  but  simply  to  emphasize  their  charac- 
teristics in  contrast  to  those  of  the  less  understood  disseminated  copper 
deposits  of  more  recent  (Tertiary-rhyoUtic)  age. 

The  basis  of  these  deposits  is  pyrite,  and  pyrite  with  a  slight  admixture 
of  chalcopyrite;  the  mineral  chalcopyrite  itself  is  rare  in  these  ores, 
although  it  occurs  at  Ray,  Ariz.  Primary  mineralizing  agencies  caused 
silicification  and  deposition  of  white  vein  quartz  and  sericite.  Primary  ore 
is  not  of  economic  gradeexceptinnarrowveinsorfeed-channels,  Theeco- 
nomic  value  of  the  deposits  is  confined  to  a  horizon  of  limited  vertical  ex- 
tent, bounded  above  by  the  oxidized  zone  and  below  by  the  primary  ore, 
and  is  the  product  of  long-continued  secondary  enrichment.  This  hori- 
zon is  defined  by  the  partial  or  complete  replacement  of  the  pyrite  by 
secondary  chalcocite.  The  outcrops  of  thesedepositsareveryprominent; 
the  surface  shows  rusty  discoloration,  quartz  seams,  and  copper-stained 
quartz  cliffs.     Skeleton  quartz  weathers  out  frequently  over  large  areas. 
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Below  this  is  a  leached  and  thoroughly  kaolinized  horizon,  usually  bare 
of  copper;  this  grades  into  lower  and  less  impoverished  zones,  which  have 
ret-ained  part  of  their  copper  in  oxidized  form,  highly  concentrated 
locally.  The  upper  part  of  the  leached  kaolinized  zone  is  usually  white. 
Iron  oxide  remains  in  the  cap-rock  and  is  found  in  veins  and  seams  in  the 
kaolin.  Pyrite,  probably  of  secondary  origin,  but  usually  considered 
residual,  is  found  quite  frequently  immediately  above  the  chalcocite 
horizon,  in  conjunction  with  hydrated  quartz.  The  values  are  in  the 
copper  only;  gold  and  silver  are  practically  negligible.  The  ground  is 
very  soft,  and  dilution  of  the  ore  by  mass-stoping  becomes  a  serious 
factor.  The  ore  worked  ranges  from  less  than  1  per  cent,  up  to  slightly 
over  2  per  cent,  copper. 

Considering  the  Mesozoic  deposits  bs  a  whole,  what  impresses  me  mi^t 
is  that  their  genesis,  the  pegmatitic  deposits  excepted,  must  have  been  an 
exceedingly  slow  and  long-continued  process.  While  the  first  ore  may 
have  been  formed  under  high  temperature,  deposition  continued  under 
steadily  diminishing  heat,  until  a  very  moderate  temperature  prevailed 
during  the  last  stages  of  primary  deposition.  Almost  immediately 
thereafter,  secondary  processes  began,  and  continued  active  through 
long  geological  ages.     The  present-day  aspect  is,  therefore,  very  complex. 

The  Cenozoic  ob  Tbbtiabt  Obb  Deposits 

The  ore  deposits  of  this  period  originated  close  to  the  surface  and 
their  genesis  is  intimately  connected  with  the  volcanic  activity  which 
produced  the  great  lava  Sows.  They  are  rarely  an  integral  part  of  such 
flows  (basaltic  deposits)  and  usually  originated  after  the  lava  had  con- 
solidated and  undei^one  fracturing.  Still,  even  in  these  cases  the  ore 
deposition  must  have  been  compressed  into  a  very  short  time  and  while 
the  minerahzing  magma,  at  least  in  its  deeper  parts,  whence  the  metallic 
constituents  rose,  was  far  from  cooled.  Many  deposits  were  completely 
formed  before  the  next  lava  masses  were  poured  out  above  them.  Base 
metals  are  sometimes  important,  but  are  always  accompanied  by  con- 
siderable values  in  precious  metals;  by  far  the  greatest  number  of  de- 
posits owe  their  importance  almost  exclusively  to  their  gold  and  silver 
contents.  Secondary  enrichment  of  base  metals  is  almost  unknown,  but 
a  secondary  concentration  of  the  precious  metals  is  found  frequently. 
The  deposition  must  have  proceeded  rapidly  and  under  active  volcanic 
conditions.  This  is  one  reason  why  I  cannot  fully  accept  Lindgren's 
ai:%ument  for  the  moderate-temperature  origin  of  these  ores;  most  of  the 
accompanying  gangue  minerals  are  stabile  over  a  very  wide  range  of 
temperature. 

Three  types  of  deposit  are  clearly  distinguishable,  differing  in  age, 
origin,  and  characteristics:  the  basaltic,  the  andesitic  and  the  rhyoUtic. 


ifl  by  Google 


ff.    TOVOTB  1607 

Repreeentatives  of  these  types  cover  a  much  larger  territory  than  the 
Meaozoic  deposits  and,  while  their  present  importance  does  not  equal 
that  of  the  older  group,  their  prospective  possibilities  are  very  great. 
In  the  early  mining  days  in  the  Southwest,  their  importance  Was  pre- 
eminent, but  the  old  bonanzas  have  been  worked  out,  and  the  abandoned 
mines  are  now  mostly  inaccessible.  Most  of  the  prospects  seen  in  the 
ordinary  run  of  field  work  belong  in  these  groups. 


Basaltic  Ore  Ueposils 

These  are  the  youngest  and  the  least  important  of  the  Tertiary 
deposits.  They  really  are  of  geological  importance  only,  not  of  economic 
value.  I  have  seen  only  a  few  representatives  of  this  group,  mostly 
in  New  Mexico,  near  Steeple  Rock,  Grant  County,  and  near  Bland,  San- 
doval county.  Large  areas  of  basaltic  copper  deposits  are  reported  from 
the  MogoUon  Plateau,  from  which  1  have  seen  specimens. 

The  primary  mineralization  consists  of  nuggets  and  flakes  of  native 
copper,  imbedded  in  usually  vesicular,  basaltic  lavas.  The  vesicles  are 
either  filled  with  chalcedony  and  quartz,  or  are  empty  and  lined  with  a 
greenish  mineral,  an  iron  compound  (probably  kraurite)  which  is  fre- 
quently mistaken  f  or  impure  chrysocolla.  Thistypeof  depositcan  assume 
economic  importance  only  in  exceptional  circumst&ncee,  such  as  secondary 
concentration  in  gash  veins;  here,  chrysocolla  and  malachite,  subordi- 
nately  azuhte,  cuprite,  native  copper,  or  even  chalcocite  are  formed. 
Calcite  is  the  principal  gangue.    The  veins  give  out  at  shallow  depth. 

Andesitic  Deposits 

Andesitic  deposits  Are  found,  in  conjunction  with  rhyolitic,  over 
the  entire  area  under  discussion,  from  the  Colorado  line  into  southern 
Sonora,  and  from  Texas  into  California.  Very  frequently,  both  types 
are  represented  in  the  same  general  district,  but  many  districts  belong 
distinctly  to  one  type  to  the  exclusion  of  the  other. 

Andesitic  deposits  are  usually  connected  with  fracturing  in  N.  60° 
W.  and  N.  20°  W.  directions.  The  fracturing  seems  practically  contempo- 
raneous and  the  veins  frequently  drag  one  another,  producing  intermediate 
directions.  Intersection  points  and  dragged  sections  are  loci  for  ore 
shoots.  The  andesite  is  often  metamorphosed  to  semi-schistose  struc- 
ture in  the  ore-bearing  areas,  but  usually  can  be  traced  back  to  fresh 
and  unaltered  dikes. 

Prominent  districts  representing  this  type  are :  The  "Parker  Cut-off" 
country  in  Yuma  county,  Ariz.,  and  San  Bernardino  and  Riverside  coun- 
ties, Cal.;  the  lead-zinc  belt  near  Kingman  and  Chloride,  Mojave 
county,  Ariz.;  the  Casa  Grande  section  in  Pima  and  Pinal  counties, 
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Ariz.;  the  Ttitaroaa  country  in  Otero  county,  New  Mex.,  and  others. 
I  believe  that  most  of  the  copper  deposits  in  the  Red  Beds  in  New  Mexico 
derive  their  metalUc  minerals  from  andesitic  sources. 

Important  mines  of  this  type  are;  the  Tennessee,  near  Chloride; 
the  Golconda,  in  Union  Basin,  near  Kingman;  the  Clara  Consolidated, 
near  Swansea,  Yuma  county;  and  the  Planet  mine,  a  little  farthw  west 
on  the  Bill  Williams  River;  the  famous  Monte  Christo  mine,  near  Wick- 
enburg;  and  the  Lakeshore  mine  near  Casa  Grande. 

Gangue  minerals  are:  hematite,  chlorite,  baryte,  frequently  calcite 
and  dolomite.  Quartz  is  subordinate;  where  found,  it  is  often  very  re- 
cent, Fluorite  is  rare.  KaolJnization  and  sericitization  occur,  but  are 
not  nearly  so  important  or  conspicuous  as  in  the  Mesozoic  deposits. 
Serpentiaization  and  propylitization  are  important.  Kaolinization,  if 
found,  is  usually  accompanied  by  deposition  of  chalcedony  in  roughly 
banded  structure.  Copper,  while  often  important,  is  never  so  predomi- 
nant as  in  the  Mesozoic  deposits.  Many  districts  are  prevailingly  lead- 
zinc  producers.  Gold  and  silver  are  always  present  in  economically 
important  quantities,  and  may  become  the  main  object  of  mining, 
always  accompanied  by  base-metal  values. 

The  mineralogy  of  these  deposits  is  variegated  and  interesting.  It 
comprises,  besides  the  sulphides  of  the  base  metals  and  their  oxidation 
products,  the  sulph-arsenides,  sulph-antimonides  and  sulphides  of 
silveij  with  their  derivatives.  Beautiful  specimens  of  flaky,  or  even 
crystalhzed,  free  gold  have  been  found,  sometimes  intergrown  with 
hematite  or  calcite. 

The  andesitic  deposits  frequently  have  very  conspicuous  outcrops. 
The  neighborhood  of  the  Planet  mine,  in  Yuma  county,  for  example, 
shows  some  of  the  most  wonderful  outcrops  to  be  found  anywhere,  being 
actual  mountains  of  hematite  and  limonite,  stained  green  by  the  salts  of 
copper.  In  other  places,  outcrops  are  marked  by  the  bleaching  of  nor- 
mally purplish  andesite.  Here,  high-grade  oxidized  copper  ore  is  not 
an  exception  close  to  the  surface,  underlain  by  barren,  partly  kaolinised 
andesite.  As  a  general  rule,  copper  ore  and  copper  stain  at  and  near  the 
surface  have  led  to  the  prospecting  and  discovery  of  many  mines,  which 
ultimately  were  found  to  contain  copper  only  as  a  negligible  accessory. 
Some  outcrops  are  misleading;  there  are  wide  areas  of  copper-stained 
andesite,  which  have  even  been  considered  worth  testing  by  churn- 
drilling,  but  have  been  found  to  contain  only  tight  and  narrow  veins 
below.  Many  an  outcrop,  standing  out  as  an  imposing  reef,  covers 
insignificant  and  unremunerative  veins;  while,  on  the  other  hand,  very 
inconspicuous  croppings  hide  some  of  the  biggest  orebodies.  This  is 
especially  true  where  chlorite  is  the  main  gangue  mineral.  Cbloritisation 
and  propylitization  are  the  safest  indicators  of  deep-seated  mineraUsa- 
tion;  hematite,  while  attractive  and  ooospicuous,  is  not  always  reliable. 


ifl  by  Google 


W.   TOTOTB  lb09 

Tke  Rkyolitic  Deposits 

The  rhyolitic  deposits  comprise  a  wide  variety  of  both  precious  and 
base-metal  orebodies.     Some  of  the  most  important  representatives  are: 

ToTrAstone,  Ariz. — Silver  and  gold  derived  from  tellurides  and  sulpho- 
sails;  also  combined  in  the  sulphides  of  lead,  zinc,  and  copper.  Alabandite 
is  found;  quartz  and  fluorite  are  prominent  gangue  minerals. 

Prescott  and  Vicinity,  Ariz. — Chalcopyrite  and  pyrite,  seldom  bornite, 
with  quartz  and  ortboclase,  and  such  carbonates  as  dolomite  and  ankerite. 

Crown  King,  Ariz. — Sphalerite,  galena,  and  pyrite,  with  very  Utile 
chalcopyrite,  in  quartz-carbonate  gangue;  high  silver  values  are  probably 
due  to  admixture  of  sulph-antimonides. 

Oatman,  ^m.— Free  gold,  with  practically  no  base  metals,  in  calcite 
and  chalcedony  gangue.    Adularia  is  a  frequent  gangue  mineral. 

MogoUon,  New  Mex. — Argentite,  finely  impregnating  quartz,  accom- 
panied by  gold  in  some  form,  and  sometimes  associated  with  bornite  and 
chalcopyrite.    Fluorite  and  carbonate  minerals  are  the  gangue. 

Black  Range,  New  Mex. — Bornite  and  tetrahedrite,  with  high-grade 
silver  minerals,  like  argentite  and  stephanite,  in  quartz-fluorite-carbonate 
gangue.  Cuproplombite  is  reported  from  here,  and  I  found  crystallized  ' 
bornite. 

Nacozari,  Sonora,  is  a  prominent  example  of  tlie  rhyoUtic  ore  deposits; 
and  the  Paiagonia-Nogales  country  furnishes  more  representatives. 

Most  of  these  rhyolitic  deposits  owe  their  origin  to  volcanic  disturb- 
ances, far  more  violent  and  abrupt  than  those  connected  with  the  pre- 
viously described  deposits.  Brecciation  is  usually  very  pronounced  and 
in  many  cases  has  been  repeated  at  least  once.  Ore  deposition  began 
apparently  under  high  temperature,  but  probably  not  high  pressure,  and 
continued  through  periods  of  diminishing  temperature.  The  fracturing 
is  north-south  and  east-west,  usually  a  httle  east  of  north  and  north 
of  east.  Ore  shoots  are  almost  universally  due  to  intersections,  and 
very  seldom  to  a  single  factor. 

Gangue  minerals  are:  Quartz  and  chalcedony,  often  replacing  older 
carbonate  gangue  minerals.  Carbonates,  like  dolomite,  ankerite, 
rhodocbrosite;  seldom  siderit«.  Calcite  is  among  the  Srst  (pre-mineral) 
as  well  as  among  the  last  (post-mineral)  depositions.  Fluorite  is  very 
frequent;  baryte  rather  rare.  Zeolites  are  typical,  especially  stilbite; 
orthodase  or  adularia,  often  in  well  defined  crystals,  and  rhodonite  are 
common.  Molybdenite,  usually  in  large  flakes  or  even  sharp  crystals, 
is  a  c(Miunon  metfdlic  associate;  nepheUte  has  been  found,  and  zinnwaldite 
and  other  rare  micaceous  minerals,  as  well  as  amphiboles,  sometimes 
occur. 

The  metallic  minerals  comprise  most  of  the  snlpho-salts  of  both  pre- 
cious and  base  metals  and  theu-  alteration  products.    High-grade  sUver 
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minerals  frequently  seem  associated  with  amethyst,  the  latter  being 
a  good  indicator. 

In  Santa  Cruz  county,  Ariz.,  I  found  a  type  of  deposit  which  I  believe 
has  not  been  described.  It  is  characterized  by  the  somewhat  rare  micace- 
ous mineral  zinnwaldite  (silvery  white,  hthia-bearing  and  crystallizing 
in  rosette-shaped  crystals).  The  zinnwaldite  occurs  in  masses  of  crys- 
talline f^fgregates  as  well  as  in  well  defined  columnar  crystals.  Some- 
iimes.  it  forms  narrow  ribbons  in  veins  of  banded  structure.  It  is 
always  closely  associated  with  metalUc  sulphides  (chalcopyrite  prin- 
cipally) and  sometimes  with  rutile,  both  massive  and  in  splendid  crystals. 
The  country-rock  is  the  younger  quartz-monzonite. 

In  another  place  in  this  same  vicinity,  I  found  a  vein  in  the  monzonite 
which  had,  besides  zinnwaldite  and  coarsely  crystalline  molybdenite,  an 
intimate  mixture  of  magnetite,  apatite,  pyrite,  and  chalcopyrite. 

Many  deposits  of  this  period  are  pockety,  but  some  mines  have  deveU 
oped  large  and  persistent  ore  shoots.  Sudden  changes  are  the  rule, 
unexpected  swelling  or  pinching,  and  fabulously  rich  bonanzas  surrounded 
on  all  sides  by  poor  and  weak  vein  sections. 

The  disseminated  copper  deposits  of  rhyohtic  age  are  sure  to  become 
important.  Nacozari,  Sonora,  is  the  principal  representative,  followed 
by  Red  Mountain,  near  Nc^ales,  and  Copper  Basin,  near  Prescott,  Ariz. 
Possibly  Ajo,  Ariz.,  belongs  in  this  group,  but  I  am  not  familiar  with  the 
latter  district.  The  ore  is  found  in  fractured  and  brecciated  rock,  rich 
ore  occurring  in  the  breccia  zones.  Metallic  sulphides  have  pervaded 
the  rock  generally  along  narrow  cracks  and  fissures,  and  as  impregnations. 
The  country-rock  is  generally  acid  (quartz-porphyry  to  quartz- 
monzonite).  Mineralization  begins  with  silicification,  closely  followed  by 
pyritization,  these  processes  often  being  duplicated.  Toward  the  end  of 
the  first  period  of  pyritization  and  during  the  second  period,  chalcopyrite 
is  deposited.  Molybdenite  is  a  frequent  accessory,  and  carbonate 
minerals,  zeolites,  orthoclase  or  adularia,  form  the  principal  gangue, 
besides  the  more  conspicuous  quartz.  Amphibole,  rare  micas,  and 
nephelite  are  found  occasionally. 

The  ore  is  strictly  primary;  secondary  enrichment  (chalcooitization) 
is  practically  unknown.  The  copper  is  mostly  deposited  as  a  very  pure 
chalcopyrite,  sometimes  with  bornite,  but  is  also  occluded  microscop- 
ically in  the  pyrite.  Gold  and  silver  are  always  present  in  economically 
important  quantities.  The  sulphide  remains  unaffected  by  oxidation 
close  to,  and  even  at,  the  surface.  Superficial  indications  commensurate 
with  those  of  the  Mesozoic  "porphyries"  are  the  exception.  Secondary 
rock  alteration  is  confined  to  a  shallow  belt  near  the  surface,  and  along 
prominent  fissures;  elsewhere  the  rock  remains  hard  and  fresh. 

The  grade  is  rather  low,  but  I  feel  confident  that  these  deposits  will 
prove  economically  valuable  in  the  near  future.    At  this  time,  dis- 
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lated  ore  of  1  per  cent.  Cu,  and  less,  without  aooeasory  gold  aod 
silver,  is  treated  in  some  of  the  older  "porphyriee,"  a  grade  far  below  that 
of  some  of  these  rhyolitic  deposits. 

Thb  Jbbomb  District 

My  previous  omission  of  the  Jerome  district  has  been  intentional, 
because  I  have  not  enough  data  from  my  own  observation  to  define  the 
age  of  these  deposits.  Generally,  the  ore  at  Jerome  is  considered  very 
old.  F.  L.  Ransome  apparently  conaiders  it  pre-Cambrian,  because  he 
mentions  eroded  pyritic  deposits  in  the  basal  schist  aa  the  probable 
source  of  the  ferruginous  coloring  in  the  pro-Cambrian  Tapeats  sandstone. 
This  view  is  supported  by  the  appearance  of  the  600-ft,  level  of  the  United 
Verde  Extension,  where  the  Paleozoic  sediments  seem,  to  rest  upon  an 
eroded  schist  surface,  containing  remnants  of  an  oxidized  orebody. 
Still,  this  evidence  does  not  seem  conclusive  to  me,  because  the  oxidized 
ore  here  might  possibly  be  a  later  deposition,  derived  from  mineralized 
surface  waters,  which  found  a  ready  precipitant  along  this  contact. 

The  fact  stands  out  preeminently,  that  the  pyritic  deposits  in  the 
schist  have  escaped  the  metamorphism  undergone  by  the  country-rock. 
They  do  not  show  any  stratification  or  lamination,  and  are  therefore 
later  than  the  metamorphism,  which  formed  schist  out  of  the  original 
basic  and  semi-basic  volcanic  rocks. 

While  no  ore  has  been  found  in  the  Paleozoic  sediments  overlying  the 
schist,  a  strong  contact  metamorphism  and  some  indication  of  minerali- 
zation are  noticeable  on  the  south  aide  of  the  Black  Hills,  on  whose  north 
slope  Jerome  is  situated,  and  this  contact  metamorphism  is  closely  con- 
nected with  minor  ore  deposits,  identical  in  type  with  the  Jerome  ore. 

In  the  United  Verde  Extension,  the  ore  is  found  in  veins  striking 
N.  10"  to  20*  E.,  but  the  bonanza  orebody  is  at  the  intersection  of 
such  veins  with  a  northwest-southeast  cross-vein,  or  fault.  This  fault 
seems  to  have  had  a  decided  influence  upon  the  mineralization,  and  the 
fault  material  suggests  derivation  from  semi-basic  intrusive  rocks.  From 
the  information  available  at  present,  I  would  hesitate  to  state  the  age  of 
the  Jerome  deposit,  but  am  inclined  to  believe  that  it  is  much  younger 
than  usually  assumed. 

FUTUBB    OF   THE   SOUTHWBST   MiNINQ    INDUSTRY 

As  to  the  outlook  for  the  mining  industry  in  its  relation  to  the  three 
great  groups  of  ore  deposits,  I  venture  the  prediction  that  very  few  new 
mines  of  Mesozoic  origin  will  be  found  in  the  Southwest.  Those  that 
will  come  into  prominence  eventually  will  be  mines  known  today,  but 
enhanced  in  value  by  the  progress  of  mining  and  metallurgy,  or  extensions 
of  known  and  operating  districts,  or  new  deposits,  discovered  by  accident. 
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The  Tertiary  depositB,  on  the  other  hand,  are  by  no  means  developed 
to  their  full  capacity.  I  look  for  many  mines  of  andesitic  origin  and  even 
more  of  rhyolitic  derivation  to  become  prominent  in  the  near  future. 
Still,  very  few  of  these  will  compare  in  size  and  richness  with  the  great 
Mesozoic  mines,  so  far  as  base  metals  are  concerned.  This  seems  to  be 
in  keeping  with  the  general  trend  of  recent  development  in  the  mining 
industry  here,  where  great  mines  are  more  and  more  concentrated  in  the 
hands  of  a  few  big  companies,  while  beside  them  has  sprung  up  a  healthy 
undergrowth  of  small  operators.  The  small  mine  and  the  combination 
of  small  mines  seem  to  be  destined  for  increasing  importance. 

Prospecting  of  the  old  days  is  dead.  How  closely  the  whole  country 
has  been  searched  is  brought  home,  time  and  again,  when  in  places  where 
hardly  a  rattlesnake  could  live,  and  where  there  is  no  indication  of  human 
habitation  for  miles  around,  remnants  of  old  workings  and  prospect  holes 
are  found.  Good  discoveries  are  still  made  quite  frequently,  but  as  the 
result,  usually,  of  highly  intelligent  development  work.  It  is  regrettable 
that,  on  the  one  hand,  the  big  companies  do  not  more  frequently  develop 
smaU  but  promising  prospects  while,  on  the  other,  no  safer  and  more 
business-like  method  of  developrbent  appeals  to  the  pubhc  at  lai^e  than 
the  floating  of  1,000,000-share  development  companies. 
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Cement  Plugging  for  Exclusion  of  Bottom  Water  in  the  Augusta  Field, 
Kansas 

BT    H.    R.    SHIDEL,*   AOanSTA,    KANB. 
(Now  York  Mnting,  Febnury,  19IB) 

This  paper  summarizes  the  results  obtained  from  the  preliminaty 
cementing  of  wella  in  an  effort  to  cut  oft  the  bottom  water.  The  object 
of  this  work  was  two-fold : 

(1)  To  prevent  the  oil  sand  from  becoming  flooded. 

(2)  To  plug  oEE  bottom  water,  thereby  preserving  the  individual  well 
and  reclaiming  production. 

Valuable  suggestions  and  help  have  been  given  by  the  following 
named:  Messrs.  Kyle  and  La  Velle,  of  the  U.  S.  Bureau  of  Mines;  Mag- 
nolia Petroleum  Co.;  Freed  Oil  and  Gas  Co.  The  cementing  work  was 
carried  out  under  the  personal  supervision  of  L.  J.  Snyder. 

In  an  unpublished  paper  on  the  "Water  Problem  in  the  Augusta 
Field,"  S,  K.  Clark  reaches  the  following  conclusions: 

(1)  That  the  great  amount  of  water  present  is  bottom  water,  occurring 
in  the  Varner  sand,  the  main  producing  or  the  2500-ft.  horizon. 

(2)  That  the  only  striking  connection  between  structure  and  water  ie 
in  the  area  of  the  marked  fault  on  the  Ralston,  E,  C.  Varner,  and  F, 
Varner  leases  in  sections  8,  9,  16  and  17. 

(3)  That  the  oil  occiirs  in  porous  streaks,  generally  separated  by  fine- 
grained, well  cemented  sand,  which  is  barren.  Possibly  two  or  three 
such  pay  streaks  may  be  found.  That  under  a  pay,  fine-grained  sand 
occurs,  which  is  presumably  barren  at  the  time  of  drilling,  but  soon  re- 
veals water. 

The  writer  takes  partial  exception  to  the  last  point,  because  well 
defined  shale,  slate,  lime,  or  hard  sand  breaks  have  been  encountered  in  a 
great  many  cases,  separating  the  pay  streaks  under  which  water  is  often 
found.  This  is  not  an  invariable  occurrence,  as  cases  have  been  noted 
when  the  oil  has  been  followed  immediately  by  water  in  the  same  stratum. 

In  an  effort  to  overcome  the  water  menace,  the  following  methods  of 
plugging  were  tried: 

(1)  Plug^ng  with  wood,  lead,  and  limit  plugs. 

(2)  Plu(^ng  with  sand  pumpings. 

'Resdent  Geologiat,  Empire  Gaa  and  Fuel  Co. 
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(3)  Muddlng  the  sand,  removing  the  packer,  and  driving  a  limit  plug. 

(4)  Cementing. 

A  few  variations  of  the  last  pl-ocess  will  be  discu&aed  on  the  following 
iges.  The  success  obtained  by  the  above  methods  has  been  variable. 
In  some  places  the  plugging  has  been  remark- 
ably successful  temporarily,  as  in  the  early  efforts 
on  wells  of  the  Penley  lease.  In  a  few  instances, 
as  Brown  No.  4,  Sec.  16,  the  plugging  was  de- 
cidedly effectivein  improving  both  the  cemented 
well  and  the  surrounding  ones. 


MoYLE  No.  4,  Sec.  10 

This  well  produced  a  large  percentage  of 
water  for  some  time.  A  limit  plug  was  driven 
at  the  bottom  of  the  well  but  proved  unsatisfac- 
tory. In  driving  the  plug  through  the  shale- 
lime  break  much  material  was  brpken  off,  thus 
forming  an  imperfect  seal.  It  was  then  decided 
to  cement.  A  trip  bailer  was  constructed 
(Fig.  1)  and  enough  cement  was  put  in  the 
well  to  fill  it  to  the  top  of  the  break.  This 
cementing  sealed  the  hole  with  material  having 
practically  the  same  character  ae  the  shale-lime 
formation. 

The  cement   was  allowed  ample  time  (14 

days)  to  set  before  the  well  was  pumped.    The 

results  of  this  test  were  satisfactory,  as  can  be 

-  *_  ^      ,      ..     ^      ^    seen  from  the  relative  percentages  of  oil,  B.  S., 

Bator*  Dnnpiiw  AlUr  Dniopiiw         ,         ^  ,         ,  ,    ,  ,     -,  ,. 

Pio.  I.— Detail  of  trip    *°'*  water  produced  before  and  after  cementmg 
BAILER.  (Table  I). 


o 


Table  l.—Moyle  No.  4,  Sec.  10 

B«f0T*  C<m«Dtiiic 

After  C 

gmUltlDI 

DM. 

ou 

B.8. 

W.ter 

D... 

Oil 

B.  S.  1  Wbter 

Apr.  1ft,  1917 

33 

32     • 
6 

17 
23 

7 
3 
0 
1 
0 

60 
65 
94 

82 
77 

Jan.  9,  1918 

Feb.  6 

94 
98 
98 
68 
98 

2      1    4 

Sept 

Oct 

Apr.  18 

May  16 

1          1 

'   1 

1 
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Brant  No.  3,  Sec.  2,  Twp. 


3.,  R.  4  E. 


The  cementing  of  this  well  proved  80  unsatisfactory  that  it  was  drilled 
out  and  reKsemented.  Drilling  out  and  cementing  was  done  three  times 
during  one  week.  Other  methods  were  tried,  in  an  effort  to  shut  off 
bottom  water  temporarily.  A  packer  was  placed  but  failed  to  work, 
although  sufficient  mud  had  been  forced  in  to  shut  off  the  water.  The 
cement  was  then  put  in  on  top  of  the  mud  and  a  limit  plug  was  driven 


T>p  It  eun 

S 

'      taw  OH  1*  hdI. 

.    Tw  ■(  Plui 

-      Hu'oil  111  H«]a 

.    FlDflni  n  >bl. 
ft  -    t«.l  D.pH.   B.1.  F.11  Oil 
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into  it;  a  second  limit  plug  was  then  driven  on  top  of  the  first.  This  job 
has  been  successful,  as  shown  by  the  behavior  of  the  well  before  and 
after  (Table  2). 

Table  2.— Brant  No.  3,  Sec.  2      . 


D>U 


Apr.,  1917-.. 

May 

Sept 

Oct 

Nov 

Jan.  22,  1918. 


Plugged  with  cement. 


Feb.  21,  1918.. 

Feb.  23 

E^b.  26 

Apr.  19 


May  17.- 
Ma7  23.. 
June  20,. 


'Average  of  lO-min.  testa. 


Well  cemented 
again. 

4j     62 
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SctiLLY  No.  6,  Sec.  28 

This  well  was  cemented  to  the  top  of  a  ahale  break  and  a  limit 

plug  was  driven  in  the  top  of  the  green  cement.     The  well  was  put  to 

pumping,  three  days  after  cementing,  with  unsatisfactory  results.     The 

relative  percentage  of  oil,  B.  S,,  and  water  were  as  shown  in  Table  3. 


Table  Z.—ScuUy  No.  6,  Sec. 


B<for«  Cementina 

After  Comenting 

DM 

1        OU               B.8. 

....!      3        1      ., 
-...1        5 

1    W*Ut 

D*M           '  1   oa 

B.  8. 

W.t« 

Aug.  4,  1917. 

Sept.  21 

Oct.  15 

;  97 

'    95 

!  100 

'100 

Mar.  29 '    50 

Apr.  4 24 

Apr.  18 10 

3 

50 
73 
90 

Mar.  25 

00 

The  results  point  conclusively  to  the  fact  that  14  days  should  be 
allowed  for  the  cement  to  set. 


Scully  No.  9,  Sec.  28 

The  same  procedure  was  again  followed  in  this  well,  which  started 
to  pump  water  before  the  flow  of  oil.  At  first  the  well  Sowed  at  the  rat« 
of  500  bbl.  per  day,  but  gradually  diminished;  the  average  production 


1  -J 

Tw  o(  su< 

; 

_8<rlLln«.  m'oI]                     ' 

mu'on  iHfgn  DrllKii  Tfcro.B 
.  Tor  f  MiM  SI..M  Bmk 

'TK.'PiMf»»TlsWliB.h 

Fio.  3.— MoYLE  No.  23.     Cembj 


during  60  days  was   75  bbl. 
times  as  much  water  an  oil. 


'  pumping  about    three 


MoYLB  No.  23,  Sec.  10 

A  good  top  pay  was  encountered  (Fig.  3),  followed  by  a  shale  break 
under  which  was  water.  The  well  was  then  cemented  to  2595.5  fl., 
but  this  work  proved  unsuccessful,  as  the  well  has  produced  a  high  per- 
centage of  water  since  cementing.     After  testing,  the  cement  was  proved 
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to  be  of  a  poor  grade,  so  that  this  work  has  to  be  done  over, 
cementing,  the  well  has  produced  about  40  per  cent,  of  oil. 


CtjNNiNQHAM  No.  6,  Sbc.  16 

This  well  waa  cemented  April  1,  1918,  the  top  of  the  cement  being  at 
2491  ft.     The  results  are  shown  in  Table  4. 


Table  4. — Cimmngkam  No.  6,  Sec.  16 


B«f 

ore   CemmUns 

After  Ccmentins 

D.U 

'        OU        1      B.  8, 

1      ,3 

1 

i       11       1       ... 

i 

Wxtet 

D*t«                 '    OU 

B.8. 

W»ter 

Sept  fi,  1917.... 
Oct.  31 

97 
97 
100 

89 

Apr.  25,  1918....  75 
May? 79.6 

3.2 
2 

12.5 
1.0 

25 
17.2 

Mar.  14 

June  I l8I 

Juno  13 [M.5 

6.5 

14.5 

Tot  ol  Hul 

V"'ium'_ 

1»»'0][  Ib  H«lt 
_      T.p  ol  3  Oon.  Bud 

1  z: 

tmit'— 

'. 

r=ul  Daptb   ibowlM  W'l'r 

Scully  No.  10,  Sec.  9 

Two  pays  were  encountered,  which  were  separated  by  distinct  breaks 
(Fig.  5).  The  second  pay  showed  a  little  water  at  the  time  of  drilling. 
Six  days  later,  one  sample  gave  100  per  cent,  water  while  an  average  of 
an  8-hr.  sampling  tested  72.4  per  cent,  water.  This  well  was  cemented 
to  shut  off  the  bottom  pay,  and  since  then  has  produced  very  satisfac- 
torily, as  shown  in  Table  5,  yielding  3  to  5  bbl.  of  oil  per  hour. 
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TiBtB  5.— ScwHv  No.  10,  Sec.  9 


B<Idc*  C«n*ndiiB 

Altw  CwBUtinc 

D.U 

OU 

B.  8. 

W.U, 

DmU 

oa 

B.B. 

W>i«r 

Mar.  26,  ins.... 

2e.o      1.0 

72.4* 
100 

May  1,1918 

99 

98.5 

96.1 

98.3 

97.8 

100 

98.9 

98.5 

1 

0.76 

3.0 

0.9 

1.6 

Apr.  10 

May  7.          .   . 

'AverBge  of  S-hr.  teatmg. 

MiLLBE  No.  7,  Sec.  2 

It  was  decided  to  mud  the  sand  before  cementing.    A  packer  was 
placed  and  a  pressure  of  500  to  600  lb.  was  applied  continuously  for  three 


i-um  Biiii.>.t  ar. 


O  CHARACrBS  OF  SAND  WHILB 


days.  A  limit  plug  was  driven  in,  but  did  not  hold.  One-fourth  sack 
of  cement  was  then  put  in,  and  a  limit  plug  was  driven  in  it  (Fig.  6). 
The  well  was  allowed  to  stand  for  a  while  and  was  then  pumped.  The 
results  before  and  after  were  as  shown  in  Table  6. 

The  results  of  the  cementing  of  the  13  wells  were  as  follows:  ■ 

1.  Six  were  very  successful,  in  that  the  water  was  shut  off  in  the  well 
itself  and  production  was  reclaimed. 

2.  Four  were  successful,  in  that  the  percentage  of  water  produced  was 
decreased.    One  of  this  number  is  to  be  cleaned  out  and  re-cemented. 


ifl  by  Google 


H.   B.   BHIDEL  16X9 

Tablh  6.—MiUer  No.  7.  Sec.  2 


Baton  Camuktinc 


May,  19X7,.. 

Aug.  10 

Sept.  5 

Oct.  13 

Nov.  6 

Jm.  19,  1918. 

E^b.  8 

Mm.  11 


Oil  B.  8.        WaUt 


D>U  OU 


Mar.  II,  1918.. 

Mar.  14 

Mar.  18 

Mar.  20 

Mar.  21 

Mar.  23 

Mar.  26 

Mar.  28 

Mar.  30 

May  2 

May  23 


46 


3.  One  was  successful,  in  that,  while  the  well  continued  to  produce 
water,  it  also  produced  an  average  of  75  bbl.  per  day  for  two  months. 
It  was  producing  no  oil  before  cementing. 

4.  In  one  well,  oil  and  water  were  plugged  off,  and  when  an  effort  was 
made  to  drill  out  the  cement  a  strong  Sow  of  water  was  encountered. 
The  sand  was  so  flooded  that  it  wae  decided  to  abandon  the  well.  The 
cementing  of  this  well  caused  an  increase  of  production  in  the  nearby 
wells. 

5.  One  was  successful,  in  that  the  amount  of  water  produced  was  di- 
minished to  a  few  barrels,  and  an  offsetting  well  began  producing  oil. 

6.  Four  of  the  wells  cemented  did  not  give  satisfactory  results,  as 
the  proportions  of  oil  and  water  produced  were  practically  unchanged. 
These  wells  are  to  be  abandoned  as  non-productive,  after  it  is  proved 
that  the  sand  is  flooded. 

7.  One  was  a  complete  failure.  The  cement  was  drilled  out  and  the 
second  operation  was  very  encouraging,  as  an  increase  of  production  was 
noted.    This  well  is  to  have  more  work  done  on  it. 

S.  One  well  was  cemented  so  high  that  it  has  to  be  drilled  out  and  tested. 

9.  One  well  was  proved  to  be  no  longer  productive,  and  ia  to  be 
abandoned. 

Nine  wells  have  not  been  tested  as  yet. 

Preliminary  attempts  to  shut  off  the  bottom  water  by  cementing 
have  been  successful  in  most  cases.  There  are  certain  disadvantages 
to  be  considered,  although  they  are  generally  overbalanced  by  the 
advantage. 

Disadvantoijea  of  Cementing 

1.  The  process  may  cement  oil  sand  as  well  as  the  water. 

2.  The  well  has  to  be  shut  down  10  or  14  days. 
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3.  The  cement  has  to  be  carefully  tested  for  setting  qualities. 

4.  If  but  a  few  feet  of  sand  are  to  be  cemented,  generally  some  means 
have  to  be  taken  to  keep  the  cement  from  being  agitated.  Driving  a 
temporary  plug  and  mudding  the  sand  have  been  tried. 

Advantages  of  Cementing 

1.  The  cement  assumes  the  same  shape  as  bole;  it  does  not  leave 
cavities. 

2.  There  is  no  pounding  or  jarring,  thus  preventing  shattering  of 
the  sand. 

3.  The  cement  can  be  partially  or  entirely  drilled  out  if  unsatisfac- 
tory.   Cement  drills  about  the  same  as  a  lime  formation. 

4.  When  pressure  is  applied  the  cement  will  penetrate  the  sand  and 
seal  it. 

5.  The  amount  of  cement  to  be  placed  can  be  carefully  g^ed.  One 
sack  of  cement  fills  7  ft.  in  a  SKe-m-  hole  and  5H  ft.  in  a  6^-in.  hole. 

It  is-  estimated  that  to  clean  out  and  cement  a  well  costs  $600.  In 
all  of  the  successful  cases,  this  cost  was  returned  in  a  few  days.  The  wells 
in  which  production  was  not  reclaimed  showed  sufficient  evidence  to  war- 
rant abandoning;  all  casing  and  other  equipment  could  then  be  removed. 
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Water  Troubles  io  tiie  Mid-Continent  Oil  Fields,  and  their 
Remedies 

BT  DOBSKT  SAOEB*  AND  O.  W.  MCPHERSON,  f  TUUA,  OKLA. 
(New  York  Meetiac.  February,  igiB) 

The  rapid  increase  of  water  troubles  in  the  Mid-Continent  oil  fields 
is  causing  much  alarm.  Troubles  occur  at  Towanda,  Eldorado,  Augusta, 
Gushing,  Blackwell,  and  Healdton,  although  they  had  not  been  acute  in 
the  Mid-Continent  field  until  about  two  years  ago,  when  the  unusual  eon- 
ditionB  in  the  deeper  oil  fields  were  first  encountered.  California  faced 
the  B&me  situation,  but,  thanks  to  aggressive  measures,  has  largely  over- 
come the  dangers. 

The  following  analysis  of  water  trouble  may  throw  some  light  on  the 
subject  and  be  of  assistance  in  solving  the  problems  involved. 

Water  Tboubles  Clasbifibd 

The  presence  of  water  in  large  quantities  in  oil  sands  has  the  following 
results: 

1.  Diminishes  oil  production. 

2.  Diminishes  casing-head  gasoline  production: 

(a)  By  curtailing  the  gas  fiow. 

(b)  By  making  the  use  of  vacuum  pumps  unsuccessful. 

3.  Increases  lifting  costs: 

(a)  By  making  it  necessary  to  pump  large  quantities  of  water, 

which  requires  a  fast  motion  and  long  stroke  (third  hole). 

(b)  By  requiring  the  use  of  compressors  for  air  lift. 

(c)  By  causing  break-downs  and  delays  due  to  the  high  speed 

necessary  to  pump  water. 

(d)  By  making  it  necessary  to  treat  "cut"  or  emulsified  oil. 

Oil  production  is  seriously  curtailed  by  the  presence  of  large  quantities 
of  water.  Lease  records  show  that  wells  are  shut  down  40  to  60  per  cent, 
of  the  pumping  time  where  serious  water  trouble  occurs.  While  a  small 
quantity  of  salt  water  may  cut  the  paraffine  and  keep  the  oil  moving, 
several  hundred  feet,  or  a  hole  full  of  water,  effectually  "kills"  the  oil 

*  Petroleum  Geologist  and  E^ngineer. 
t  Production  Expert. 
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and  gas.  The  quick  return  of  wells  to  production,  once  the  vater  is 
shut  off,  shows  how  wells  have  been  affected.  The  killing  of  gas  sands 
naturally  means  a  decrease  in  gas  volumes.  Also,  where  the  hole  is  full 
of  water,  vacuum  pumps  are  worthless. 

When  attempts  are  made  to  pump  off  the  water,  the  wells  must  be 
pumped  fast  and  with  a  long  stroke  (third  bole).  This  results  in  rapid 
crystallization  of  the  rods,  in  numerous  breaks,  and  in  much  belt  trouble, 
all  causes  of  expensive  delays.  Some  operators  have  installed  air-lifts 
to  pump  off  water  in  great  quantities;  this  callsfor  expensive  compressors, 
and  tl  to  12  per  barrel  of  oil  for  lifting  expense  is  not  unusual.  The  treat- 
ment of  "cut"  or  emulsified  oil  also  calls  for  considerable  extra  equipment 
and  expense. 

Some  Rbbults  Obtainbd  by  Shutting  off  Water 

It  is  necessary  only  to  give  a  few  results  obtained  by  shutting  off  water 
to  show  how  important  this  procedure  is. 

The  Ohio  Cities  Oil  Co.,  on  its  Sina  Crow  lease  in  the  North  Cushing 
oil  field,  Oklahoma,  cemented  more  than  12  wells.  These  wells  made 
from  3  to  20  bbl.  of  oil  apiece  before  shutting  off  water,  and  all  the  water 
that  could  be  pumped,  ranging  from  100  to  150  bbl.  per  well.  After  ce- 
menting, these  wells  showed  increases  of  10  to  150  bbl.  of  oil,  and  yielded 
only  1  to  10  bbl.  of  water;  in  fact,  some  wells  made  none.  The  casing- 
head  gasohne  content  increased  from  400  gal.  to  over  1400  gal.  per  day. 
Lifting  expenses  were  greatly  reduced,  as  the  well  pumped  90  to  100  per 
cent,  of  the  time  instead  of  40  to  60  per  cent.  By  eliminating  water,  all 
the  principal  troubles  ceased. 

Classification  of  Water 

In  nearly  all  oil  fields,  water  is  found  to  occur  at  some  place  in 
the  oil  sands.  This  water  may  he  immediately  below  the  oil  and  in  the 
same  sand  throughout  all  of  the  oil  pool  (bed  D,  Fig.  1),  or  it  may  occur 
around  the  edges  of  the  pool  (B,  Fig.  I).  It  may  also  lie  below  the  oil, 
but  in  a  different  stratum  (C,  Fig.  1).  Water  may  also  occur  in  sands 
above  or  between  oil  horizons  {A  and  C,  Fig,  1), 

In  California,  Wyoming,  and  areas  of  steep  dips,  it  is  most  unusual 
to  find  water  in  the  oil  sand  near  the  center  of  the  pool.  However,  in  the 
Mid-Continent  field,  where  low  dips  are  the  rule,  water  is  often  found  in 
the  same  sand  as  the  oil,  even  in  the  heart  of  the  pool  (bed  Z>,  Fig.  1). 
Water  in  the  oil  sand  is  found  around  the  edges  of  all  Wyoming  and 
California  oil  pools;  this  is  known  as  "edge"  water  Water  below  the  oil 
sand  is  generally  called  "bottom"  water  (beds  C  and  D,  Fig.  1);  and 
water  above  is  called  "top"  water.  The  writer  prefers  the  terms  "pri- 
mary" and  "secondary"  waters. 
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Primary  water  may  be  defined  as  water  that  was  present  in  the  oil 
sand  before  drilling  occurred;  it  includes  "edge"  water  and  "bottom" 
water,  where  there  is  no  break  in  the  sand.  AU  water  entering  the  oil 
sands  from  above,  between,  or  below,  may  be  termed  secondary  water, 
and  its  entrance  is  made  possible  only  by  the  drilling  of  oil-wells.  Top 
water,  and  also  bottom  water,  in  lower  sands  come  under  this  heading. 

As  the  oil  and  gas  are  drawn  from  the  oil  sands,  primary  water  gener- 
ally replaces  them.  This  is  because  the  water  is  generally  under  high 
head,  sometimes  as  much  as  1500  lb.  per  sq.  in.  This  water  cannot  be 
exhausted  from  the  sands,  but  its  encroachment  can  often  be  checked 
and  so  directed  that  wells  need  not  be  abandoned,  until  most  of  the 
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available  oil  is  secured.  At  present,  only  from  10  to  20  per  cent,  of  our 
oil  is  secured,  when  50  to  75  per  cent,  should  be  obtained. 

Fig.  1  illustrates  a  number  of  conditions  that  can  and  do  occur  in  oil 
fields,  where  more  than  one  oil  sand  is  present.  These  conditions  existed 
before  any  wells  were  drilled.  A  is  a  water  sand;  £  carries  oil  and  water; 
C  is  a  water  sand;  D  carries  oil  and  water.  A  condition  of  equilibrium 
exists  in  those  sands;  there  is  no  travel  nor  migration  of  water  from  one 
sand  to  another  and  the  only  way  to  upset  this  stable  condition  is  to  drill 
wells.  Deeper  sands  often  occur,  but  for  purposes  of  illustration  only 
two  oil  sands  are  shown;  in  some  fields,  five  or  six  oil  sands  exist,  and 
numerous  water  sands. 

There  is  no  possible  way  for  primary  water  at  A  to  enter  the  lower 
sands  without  being  admitted  by  drilling.  At  B  it  is  noticed  that  water 
is  around  the  edge  of  the  sand.  On  top  of  the  fold,  water  does  not  exist. 
However,  were  a  well  drilled  belOw  the  B  sand  into  the  C  sand,  bottom 
water  would  be  found.  This  would  then  be  true  secondary  water.  Also, 
it  may  be  noticed  that  sand  C  would  provide  bottom  water  for  B  and  top 


ifl  by  Google 


1624 


WATBR  TROtTBLES  IN  THE  UTD-CONTINBHT  OIL  TOLOB 


water  for  D.  Sand  D  shows  edge  water,  which,  however,  ia  at  the  same 
time  bottom  water,  a  condition  common  to  thick  sands  in  regions  of  low 
dip  hke  the  Mid-Continent.  By  drilling  too  deep  into  the  sand  this  water 
would  be  encountered. 

SouBCB  OF  Watbh  Floodino 

The  effect  of  wat€r  flooding  may  all  be  the  same,  but  the  source  of  the 
water  may  be  different. 

Well  5,  Fig.  2,  shows  how  bottom  water  may  flood  a  well. 

Well  3,  Fig.  2,  shows  how  top  water  may  flood  a  well. 

Well  5,  Fig.  2,  also  shows  bow  water  between  -sanda  may  flood  wells, 
,when  improperly  shut  off. 

Wells  4  and  5,  Fig.  2,  show  how  water  in  one  well  may  flood  a  neigh- 
boring well. 


To  remedy  water  troubles,  it  is  necessary  first  to  determine  the  source 
of  the  water,  but  this  is  by  no  means  a  simple  matter.  In  some  cases  it  is 
quickly  ascertained,  but  in  others  only  careful  experiment  will  decide. 
Chemical  analysis  may  be  successfully  employed  where  the  waters  show 
marked  differences  in  composition.  Aniline  dyes  may  be  Used  as  tracers 
in  some  cases. 

Rbhbdies  for  Water  Troubles 

Once  the  source  of  the  water  has  been  ascertained,  remedial  operations 
must  be  employed.  These  remedies  may  call  for  total  abandonment  of 
wells  in  some  cases,  for  a  change  of  casing  points  in  others,  for  new  casing, 
for  the  use  of  mud-laden  fluid,  or  for  cementing  off  water.  Remedies 
should  be  employed  with  the  full  cooperation  of  the  oil  operator  not  only 
of  the  immediate  property  but  on  the  adjoining  properties. 
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If  a  well  is  80  hopelessly  fiooded  that  remedial  means  canDot  restore 
it,  and  if  it  is  a  menace  to  neighbonng  wells,  abandonment  should  be 
ordered.  Before  abandonii^,  however,  the  well  should  be  plugged  in 
such  a  manner  that  there  is  no  possible  chance  for  water  to  use  the  well 
as  a  channel  by  which  the  flooding  of  adjacent  wells  may  still  go  on. 
Before  leaving  a  bad  well,  see  that  it  is  filled  with  mud  fluid,  of  proper 
consistency,  from  top  to  bottom  (see  well  6,  Fig.  2).  Mud  fluid  forms  a 
more  efficient  seal  than  any  other  known  means  of  pluming. 

A  change  in  casing  points  may  be  necessary  where  a  gas  sand  or 
"dry"  sand  has  become  a  water  sand,  due  to  flooding  from  adjacent 
wells.  In  such  case,  the  shutting  off  of  the  water  may  be  best  accom- 
plished by  underreaming  the  hole  to  form  a  new  seat,  and  then  using 
mud  fluid  or  cement  in  back  of  the  casing. 

New  casing,  of  course,  is  required  if  leaks  have  been  found  in  the  eas- 
ing. Casing  may  be  eaten  through  by  acid  waters,  s  common  cause,  or 
the  casing  may  have  been  faulty.  Where  heavy  heads  of  water  occur, 
any  tendency  to  weakness  in  the  casing  may  develop  into  breaks.  Col- 
lapsed casing,  leaks  around  couplings,  or  holes  in  the  casing  may  result. 
Mud  Fluid 

Mud  fluid  is  best  used  when  abandoning  wells,  or  for  filling  behind 
casing.    Limitations  of  its  use  must  be  clearly  understood. 

Mud  fluid  is  the  name  given  to  a  mixture  of  pure  clay  with  water. 
The  flne  clay  forms  an  emulsion  with  water  when  the  specific  gravity 
of  the  mixture  is  not  over  1.35.  A  good  mixture  has  a  specific  gravity 
of  1.2  to  1.3.  This  mud  fluid  is  so  much  heavier  than  water  or  gas 
that  it  shuts  off  gas  sands  and  keeps  water  back  in  the  sands  instead 
of  moving  in  the  drill  hole. 

Fig.  2  illustrates  a  variety  of  conditions.  Well  1  was  drilled  too 
deep.  The  lower  sand  D  was  non-productive,  so  it  was  mudded  off, 
and  a  wood  plug  and  cement  seal  were  set  at  the  bottom  of  sand  B. 
This  effectually  protects  B  from  water  at  C,  and  the  C  water  cannot 
enter  D. 

Well  2  is  producing  from  sand  D,  and  the  effectual  shutting  off  of 
sand  B  by  mud  fluid  is  shown. 

Well  3  shows  how  a  casing  leak  will  allow  water  to  enter  a  sand.  The 
remedy  is  to  put  in  new  casing. 

Well  4  was  drilled  to  sand  C,  but  plugged  off  successfully.  Sand  B  is, 
however,  endangered  by  wells  3  and  5.  The  remedy  is  to  shut  off  water 
in  3  and  5. 

Well  5  shows  the  improper  shutting  off  of  sand  C,  and  the  consequent 
flooding  of  sand  B  from  C.  Also,  well  5  shows  how,  by  drilhng  too  deep 
into  the  sand,  the  upper  part  of  sand  D  is  threatened.  The  remedy  is 
to  shut  off  the  offending  sands. 

Well  6,  in  the  syncline,  has  been  abandoned  and  filled  with  mud  fluid. 
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Cementing  Methods 

For  shutting  off  water  under  pressure,  cementing  is  the  best  method. 
The  old  methods  of  using  wooden  or  lead  plugs,  of  bottom  packers, 
and  of  seed  bags,  are  obsolete.  These  methods  work  under  some  condl- 
tioQS,  but  safety-first  requires  the  use  of  cement.  Cementing  methods, 
which  comprise  by  far  the  largest  part  of  remedial  work,  ore  not  so  simple 
as  may  first  appear.  Many  factors  enter  into  the  question,  and  the 
average  lease  boss  has  neither  the  experience  nor  the  training  necessary 
to  appreciate  them  all;  yet  failure  in  observing  any  one  of  them  may 
result  in  loss.    Observation  of  the  following  points  is  essential  to  success : 

1.  'As  little  as  possible  of  the  pay  oil  sand  must  be  covered.  Many 
failures  have  resulted  from  cementing  the  pay  sand;  although  water  may 
be  shut  off,  so  also  may  the  oil  and  the  gas. 

2.  The  method  of  introducing  the  cement  must  be  the  one  best 
applicable  to  the  conditions  in  the  field. 

3.  Care  should  be  exercised  in  selecting  the  brand  of  cement  used  for 
this  work.  In  some  cases  it  may  be  necessary  to  use  accelerators  to 
give  rapid  sets,  but  when  these  are  used  they  must  not  appreciably 
weaken  the  cement. 

4.  The  work  must  be  done  as  quickly  as  conditions  will  warrant. 
Loss  of  production  and  expensive  work  on  wells  must  be  reduced  to  the 
minimum. 

The  system  of  cementing  employed  most  successfully  is  the'  one  that 
takes  these  factors  most  completely  into  account.  The  introduction 
of  cement  has  given  rise  to  several  distinct  systems,  all  of  which  seek  to 
attain  the  same  results.    These  methods  are : 

1.  The  bailer  dumping  method. 

2.  The  tin-tube  method. 

3.  The  tubing  and  packer  method. 

4.  The  Perkins  method. 

5.  The  McDonald  method. 

6.  The  Mcpherson  syst«m. 

The  bailer  method  of  emptsdng  cement  into  the  hole  is  the  simplest, 
but  least  efficient,  except  where  a  plug  of  only  limited  depth  is  required. 
It  fails,  however,  where  it  is  necessary  to  put  cement  into  a  hole  that  has 
large  gas  pressures  and  moving  water. 

The  tin-tube  method,  which  consists  in  filling  tin  tubes  with  cement, 
lowering  them  in  the  hole,  and  later  crushing  the  tubes  by  the  drill, 
is  very  little  used  at  present. 

The  four  last  mentioned  methods  are  the  best.  They  are  more  or 
less  similar,  with  enough  variation  to  have  distinctive  names.  In  all 
of  them,  the  cement  is  mixed  in  big  boxes  on  the  surface  and  is  pumped 
into  the  hole  through  casing  or  tubing,  precaution  having  first  been  made 
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to  insure  circulation  of  water.  Rotary  mud  pumps  are  employed  for 
pumping  in  the  cement. 

The  Perkins  system  consists  in  placii^  a  disk  packer  in  the  casing, 
which  is  driven  down  upon  the  cement  and  forces  all  of  it  from  the  hole 
and  up  behind  the  casing. 

The  tubing  system  consists  in  gravitating  the  cement  into  the  hole 
through  open  tubing,  aod  letting  it  settle  to  bottom.  Cement  is  mixed 
at  the  surface  and  pumped  into  the  tubing;  gravity  does  the  rest. 

The  McDonald  system  consists  in  dropping  dry  cement  through  the 
casing  or  tubing  and  adding  water  to  it.  It  is  a  simple  method,  eBpecially 
applicable  to  ehutting  off  bottom  water. 

In  using  the  McPherson  system,  a  canvas  packer  is  generally  placed 
in  the  bottom  of  the  tubing  in  such  a  way  that,  when  expanded,  it  limits 
the  level  of  the  cement,  which  is  pumped  through  the  tubing,  to  the  level 
of  the  bottom  of  the  tubing.  By  using  an  expanding  packer,  cement 
may  be  pumped  under  pressure  into  a  shot  hole  and  some  of  it  forced  into 
the  pores  of  the  sand.     A  pressure  of  200  to  300  lb.  is  employed. 

The  McPherson  system  differs  from  the  other  systems  in  the  employ- 
ment of  special  canvas  packers  in  some  cases  where  shot  holes  are  the 
rule,  and  by  a  special  device  for  the  cleaning  of  the  walls  of  shot  holes 
by  causii^  a  strong  rotative  action  of  the  water  on  the  walls  of  the  hole. 
This  action  insures  a  clean  surface  of  the  wall  of  the  hole  and  results  in  a 
better  contact  for  the  cement. 

The  Perkins  method  has  met  with  excellent  success  in  California. 
The  McDonald  system  has  given  favorable  results  in  Illinois  and  east- 
ern fields.  Variations  of  these  methods  are  also  employed  in  the  Mid- 
Continent  fields.  However,  the  McPherson  system  has  thus  far  been  the 
most  successful  in  the  Mid-Continent  fields,  as  it  has  been  developed  to 
meet  the  special  needs  of  that  area. 

Conclusion 

Water  flooding  in  the  Mid-Continent  is  a  menace  that  must  be  met 
quickly.  Only  the  active  cofiperation  of  the  oil  operators  will  save  many 
wells.  In  CaUfornia,  the  oil  operators  settled  their  difficulties  by  coopera- 
ting for  shutting  off  water.  Some  action  must  be  taken  in  the  Mid- 
Continent,  whether  it  be  through  private,  state,  or  federal  agencies. 
Common  business  sense  and  national  conservation  demand  it. 
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Origin  of  tlie  Texas  Domes 

Discussion  of  the  paper  of  E.  L.  De  Goltbr,  "The  Theory  of  Volcuuc  Origin  of 
S^t  Domes,"  presented  at  the  Colorado  Meeting,  September,  1S18,  and  printed 
in  Bulletin  No.  137,  May,  191S,  p.  987. 

BT  B.   T.  DOUBLE,  *  B.  8.,   H0D8TON,  TKX. 

The  domes  of  the  Texas  coastal  plain  are  structural  features,  con- 
sisting of  bosses  or  stocks  of  salt,  gypsum  or  anhydrite,  or  of  combinations 
of  these,  intruding  into  and  occurring  in  connection  with  broken  and 
uplifted  sedimentary  beds  of  Cretaceous  and  Tertiary  age.  Some  of 
these  domes  show  on  the  surface  as  mounds  of  greater  or  less  elevation, ' 
while  others  are  only  known  from  drilling  records.  They  may  be  divided 
into  two  classes:  iiiterior  domes  and  coastal  domes. 

The  interior  domes  include  those  which  occur  in  a  zone  40  to  50  miles 
in  width  lying  immediately  east  of  the  Cretaceous-Tertiary  contact, 
and  extending  from  the  Sabine  to  the  Colorado.  With  a  single  exception, 
these  domes,  so  far  as  now  known,  occur  in  approximate  alignment  with 
the  contact,  but  at  irregular  intervals.  East  of  the  Brazos,  the  domes 
are  entirely  surrounded  by  Eocene  sediments. 

The  coastal  domes  are  found  nearer  the  Gulf,  lying  entirely  within 
Neocene  territory  and  stretching  from  the  Rio  Grande  to  the  Sabine. 
They  are  much  more  numerous  than  the  interior  domes,  and,  apparently, 
are  ranged  along  several  lines  having  a  general  northeast-southwest 
direction.    No  domes  are  known  in  the  Oligocene  belt. 

Intbbior  Domes 

The  interior  domes  so  far  identified  are  Butler's,  in  Leon  county, 
Palestine  and  Keechi  in  Anderson  county.  Brooks  and  Steen  in  Smith 
county,  and  Grand  Saline  in  Van  Zandt.  In  connection  with  these 
interior  domes  we  must  also  consider  the  Sabine  Peninsula,  of  Harris, 
which  is,  without  question,  genetically  connected  with  them. 

The  Palestine  and  Keechi  domes  have  been  described  recently  by 
O.  B.  Hopkins,'  who  gives  a  clear  idea  of  their  composition  and  structure. 
Others  have  been  described  at  different  times,  and  an  excellent  r^sum^ 
of  the  hterature  is  given  by  De  Golyer.* 

'Consulting  Geologist,  Southern  Pacific  Co. 

>  U.  S.  G.  S.  BvU.  661  (1917),  263.  The  Brenham  dome,  also  described  in  Hop- 
kins' paper,  either  belongs  to  same  class  as  interior  domes,  or  is  intermediate  between 
them  and  the  coastal  domes.     It  certainly  is  in  no  way  related  to  the  coastal  domes. 

'BvOelin  137  (May,  1918),  987. 
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The  Palestine  dome  is  6  miles  west  of  Palestine.  Here  we  find  a 
depressioD  of  irregular  shape,  with  a  maximum  diameter  not  exceeding 
^  mile  (1.2  km.).  The  bottom  of  the  depression  is  occupied  by  a  shallow 
lake  with  its  surface  50  ft.  (IS  m.)  below  the  general  level.  The  banks 
on  the  eastern  and  northern  sides  slope  upward  gradually,  but  that  on  the 
west  is  more  abrupt.  The  lowest  rock  exposed  is  a  sandstone,  which, 
as  proved  by  its  fossils,  is  of  Woodbine  age.  Between  this  and  the  under- 
lying body  of  salt,  140  ft.  (43  ra.)  below,  there  is  85  ft.  (26  m.)  of  gray  to 
yellow  water  sand,  40  ft.  (12  m.)  of  dark  gray  sandy  clay,  under  which 
there  is  in  places  a  cap-rock  of  hard  limestone  of  varyii^  thickness.  Ap- 
parently, therefore,  the  Woodbine  rests  directly  upon  the  salt  maas. 

The  Woodbine,  at  its  exposure,  shows  a  dip  of  46°  to  the  northwest. 
It  is  overlain  by  the  Elagle  Ford,  Austin  Taylor(?)  and  Navarro  beds, 
all  of  which  dip  northwest  at  angles  varying  from  40°  to  50°.  No  beds 
were  found  which  can  be  referred  either  to  the  Midway  or  the  Lower 
Wilcox,  the  lowest  Tertiary  beds  being  sands,  clays  and  lignites  belonging 
to  the  Middle  or  Upper  Wilcox.  According  to  Hopkins,  these  Wilcox 
beds  in  the  vicinity  of  the  dome  show  southeast  dips  of  38°  to  57°,  which 
decreases  within  1>^  miles  to  20°  to  30°,  and  within  3  miles  become 
normal.  On  the  northeast  and  southeast  the  Claiborne  beds  reach 
within  3  to  5  miles  of  the  Dome,  but  show  Uttle,  if  any,  change  from 
normal  dip. 

Six  miles  (10  km.)  northeast  of  this  locahty,  the  Keechi  dome  shows 
the  Austin  Chalk  at  the  surface,  surrounded  by  the  Navarro  beds, 
and  these  are  in  turn  encircled  by  the  Wilcox,  which  dips  away  from  the 
dome  at  angles  varying  between  20°  and  30°  (Hopkins).  As  in  the  case 
of  the  Palestine  dome,  the  Claiborne  is  3  to  4  miles  Jiortheast  and  south- 
east of  the  Keechi  dome. 

The  thickness  of  the  beds  as  interpreted  from  logs  of  the  wells  would 
be  approximately  500  ft.  (152  m.)  for  the  Navarro  and  Taylor,  800  ft. 
(244  m.)  for  the  Austin  and  Eagle  Ford,  and  400  ft.  for  the  Woodbine. 
The  salt  mass  reached  at  2200  ft.  (671  m.)  was  drilled  into  for  900  ft. 
(274  m.),  a  30-ft.  (9  m.)  bed  of  water  sand  being  encountered  in  it  at 
a  depth  of  2900  ft.  (884  m.). 

The  Butler  dome,  which  is  6  miles  (10  km.)  southwest  of  the  Palestine 
dome,  has  not  been  so  carefully  examined,  but  appears  to  resemble 
the  Palestine  very  closely  and  gives  the  same  geological  section.  Brooks 
and  Steen  domes,  in  Smith  county,  are  also  Cretaceous  islands. 

Grand  Saline,  on  the  contrary,  while  undeniably  of  similar  origin 
to  these  five  Cretaceous  islands,  and  a  dome  in  structure,  is  entirely 
overlain  by  the  Wilcox  and  shows  no  Cretaceous  at  the  surface.  Further- 
more, the  body  of  salt  is  more  limited  and  probably  not  more  than  H 
mile  square.  The  workable  salt  here  appears  as  a  lens  or  boss  and  not 
as  a  stock.    The  salt  occurs  at  a  little  over  200  ft.  (61  m.),  and  in  places 
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attains  a  thickneee  of  300  ft.  (91  m.).  thinniDg  out  at  the  edges.  It 
is  immediately  overlain  by  gypsum,  or  by  alternations  of  limestone  and 
salt.  The  beds  above  these  are  heavy  limestones,  shales,  and  clays, 
and  dips  of  30°  or  more  have  been  observed. 

On  the  surface,  the  Sabine  Peninsula  is  a  belt  of  the  Wilcox,  in  places 
more  than  30  miles  (48  km.)  in  width,  extending  along  the  Texas-Louisi- 
ana line  from  Vivian  to  Sabinetown.  It  is  flanked  east,  west,  and  south 
by  bodies  of  Lower  Claiborne.  From  north  to  south,  the  average  sur- 
face slope  of  this  peninsula  is  less  than  1  ft.  per  mile  (0.2  m.'per  km.). 

Well  Bections  show  the  Upper  Cretaceous  beds  dipping  southwEird 
from  Red  River  at  about  50  ft.  per  mile  (9.5  m.  per  km.)  to  Vivian.  Here 
the  Sabine  uphft  begins,  which  brings  the  Cretaceo^  up  again  within 
500  to  700  ft.  (152  to  213  m.)  of  the  surface.  Baaing  the  estimate  on  the 
top  of  the  Annona  Chalk,  the  dip  of  the  Cretaceous  between  Vivian  and 
Sabinetown  is  300  ft.  or  about  3  ft.  per  mile  (0.6  m.  per  km.).  Above  the 
Cretaceous,  the  sections  show  250  ft.  (76  m.)  of  Midway  and  up  to  450 
ft.  (137  m.)  of  Wilcox.  The  well  records  show  that  the  Cretaceous  rocks 
were  folded  first  along  northeast-southwest  lines  and  later  at  right  angles 
to  this. 

The  Cretaceous  of  the  Peninsula,  therefore,  instead  of  continuing  on 
its  normal  dip,  forms  a  mesa  or  table-land,  and  seemingly  bad  this  struc- 
ture during  lower  Eocene  time.  Harris  suggests  that  it  formed  an  island 
during  the  Claiborne. 

Coastal  Domes 

Beginning  on  the  south  we  find,  some  30  miles  (48  km.)  north  of  the 
Rio  Grande  and  a'  few  miles  west  of  Raymondville,  on  the  St.  Louis  & 
Brownsville  Railway,  an  eUiptical-shaped  lake  about  5  miles  (S  km.) 
in  circumference  with  water  nowhere  exceeding  3  or  4  ft.  in  depth  and  a 
bottom  of  pure  rock  salt.  It  occupies  quite  a  depression  in  the  wide- 
spread plain  of  gray  sands,  and  is  known  as  the  Sal  del  Rey.  It  is 
apparently  a  salt  dome,  and  probably  the  only  one  in  which  the  salt  occurs 
at  the  surface. 

The  next  important  dome  to  the  northwest  is  Loma  Blanca  in  Brooks 
county,  6  miles  southeast  of  Falfurrias.  A  lake,  3  miles  in  length  by 
^  mile  in  breadth,  lies  north  of  it,  the  water  of  which  is  only  a  foot  or 
two  in  depth.  Loma  Blanca  itself  covers  an  area  of  probably  50  acres 
(20  ha.),  and  its  top  has  an  elevation  of  75  to  100  ft.  (23  to  30  m.)  above 
the  lake.  Its  northern  side  rises  somewhat  abruptly  from  the  margin 
of  the  lake  and  is  covered  with  a  soft,  gypseous  sand  containing  blocks 
and  boulders  of  selenite.  The  sand  thins  out  toward  top  of  the  mound, 
and  near  the  summit  clear,  transparent  selenite  is  seen  to  cover  an  area 
of  several  acres.  The  selenite  is  in  layers  2  to  6  in.  (5  to  15  cm.)  in  thick- 
ness and  is  perfectly  transparent.    Wells  drilled  on  this  mound  show  that 
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the  selenite  stock  has  a  thickness  of  more  than  1000  ft.  (305  m.) .  Around 
the  foot  of  the  mound  the  gypseous  sand  is  gradually  covered  by  gray, 
siliceous  sands.  The  deposit  of  gypsum  evidently  underlies  a  large  area, 
for  the  lake  is  bordered  on  the  north  for  more  than  a  mile  by  a  bluff  25 
to  30  ft.  high  of  gypsum  sand  with  blocks  of  selenite. 

Between  the  Colorado  and  the  Brazos  we  find  some  large  domes,  among 
which  are  Big  Hill  near  Matagorda,  Bryan  Heights,  at  the  mouth  of  the 
Braios,  and  Damon  Mound  about  30  miles  northwest  of  the  latter. 
These  moifndB  are  prominent  features  in  the  Coastal  Plain, 

Big  Hill  rises  gently  from  the  shores  of  Matagorda  Bay  to  a  height  of 
36  ft.  (11  m.)  but  dips  sharply  on  its  northern  side  to  the  level  of  the 
prairie.  Its  surface  material  consists  of  yellow  Port  Hudson  clays. 
It  first  attracted  attention  as  a  probable  oil  field,  and  both  gas  and  oil 
were  found,  but  its  production  soon  failed.  The  drilling,  however,  dis- 
covered considerable  bodies  of  sulphur  along  the  eastern  side  of  the 
mound,  filling  caverns  in  porous  Umestone  beds  at  ahout  1000  ft.  (305  m.) 
in  depth.  So  far  as  our  records  show,  although  salt  waters  were  encoun- 
tered in  drilling,  no  body  of  salt  has  yet  been  found. 

Bryan  Heights  has  about  the  same  elevation  as  Big  Hill,  with  a  diam- 
eter of  about  1  mile  and  rather  gentle  slopes  on  all  sides.  The  surface 
is  composed  of  Port  Hudson  clays,  which  are  apparently  500  ft.  (152  m.) 
in  thickness,  underlain  by  200  ft.  (61  m.)  of  Lafayette  and  other  materials 
which  rest  upon  a  dolomitic  cap-rock.  Below  this  there  occurs  some  300 
ft.  (91  m.)  of  gypsum  and  sulphur  with  some  sandstone.  This  lies  directly 
upon  the  salt  stock,  which  is  found  in  the  dome  at  about  1100  ft. 
(335  m.).  In  this  mound  the  sulphur  is  associated  with  gypsum  and  an- 
hydrite.    The  only  Umestone  is  the  cap-rock. 

Wells  to  the  northeast  and  to  the  south  have  been  drilled  to  consider- 
able depths,  one  of  them  to  more  than  3000  ft.  (914  m.),  entirely  in  strati- 
fied sediments,  with  no  signs  of  dome  materials.  In  the  few  fossil  forms 
found  in  drilUng  outside  the  mound,  nothing  occurs  to  indicate  that 
the  beds  are  earlier  than  Miocene. 

Damon  Mound,  in  the  northern  corner  of  Brazoria  county,  is  much 
larger  than  either  of  the  others,  covering  between  2000  and  2500  acres 
(809  to  1012  ha.),  and  rising  SO  ft.  (24  m.)  above  the  prairie.  Its  surface 
is  composed  of  Lafayette  sands  and  gravel,  and  it  thus  forms  a  Pliocene 
inher  in  the  Port  Hudson. 

One  of  the  earlier  wells  struck  gypsum  at  171  ft.  (52  m.)  and  continued 
in  it  for  400  ft.  (122  m.),  the  bottom  30  ft.  (9  m.)  being  a  mixture  of 
gypsum  and  sulphur.  Immediately  below  this  was  loose  sand  and  then 
500  ft.  (152  m.)  of  rock  salt  with  bottom  not  found.  Subsequent  drilling 
shows  that  the  "gypsum"  body  is  a  mixture  of  anhydrite,  gypsum  and 
selenite.  Some  limestones  are  found  on  the  sides  of  the  mound  and  in  the 
wells.    Kennedy  gives  this  section  of  the  region  near  the  ori^nal  well: 
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Bed  and  blue  clayB  with  some  heavy  beda  of  sand 360  ft.  (110  m.) 

Limestone  and  gypsum 190  ft.  (58    m.) 

Gypsum  and  sulphur 40  ft.  (12    m.) 

Rock  salt 500  ft.  (152  m.) 

Drilling  to  the  south  and  southwest  of  the  mound  has  developed 
commercial  oil  deposits  in  sedimentary  beds  which  seem  to  dip  away 
from  the  mound  at  angles  of  30°  to  60°.  Wells  off  the  mound,  but  near 
it,  have  been  drilled  to  over  6100  ft.  (1554  m.)  without  finding  any  trace 
of  mound  materials. 

Stratton  Ridge  lies  8  to  10  miles  (14  km.)  northeast  of  Bryan  Heights. 
Three  wells  along  a  line  running  north  and  south  found  gypsum  and 
anhydrite  at  depths  varying  from  862  to  1840  ft.  (263  to  561  m.),  but  so 
far  no  well  has  gone  through  it.  No  salt,  oil  or  sulphur  has  yet  been 
found. 

Hoskins  Mound  hes  10  miles  northeast  of  Stratton  Ridge.  A  good 
production  of  oil  was  obtained  from  the  shallow  sands  on  top  of  the  dome. 
One  well  drilled  to  the  south  encountered  the  cap-rock  at  about  800  ft. 
(244  m.),  below  which  they  found  over  500  ft.  (162  m.)  of  gypsum  and 
anhydrite  with  some  sulphur.  The  only  fossils  found  indicate  the  age  of 
the  sedimentary  beds  to  be  Lower  Phoeene  or  Upper  Miocene. 

The  Humble  dome,  which  shows  on  the  surface  an  extreme  elevation 
not  exceeding  20  ft.  (6  m.),  is  probably  1}^  mile  (2,4  km.)  in  diameter. 
On  top  of  the  dome,  gusher  oil  was  found  at  1000  to  1200  ft.  (304  to  366 
m.).  The  cap-rock,  as  it  is  called,  ia  dolomitic  and  is  in  places  accom- 
panied by  gypsum,  the  two  having  a  maximum  thickness  of  about  200 
ft.  (61  m.).    These  rest  directly  upon  the  mass  of  rock  salt. 

Upon  the  decline  in  production  of  gusher  oil  from  the  dome  proper, 
wells  were  drilled  at  various  distances  from  it  on  all  sides.  The  Esperson 
wells,  1  mile  to  the  south,  found  light  oil  in  shales,  and  later,  similar  oil 
was  found  on  the  north  and  in  larger  quantities  to  the  east  of  the  dome. 
The  series  of  beds  in  which  the  oil  was  found  consists  of  shales  and  gumbo, 
with  some  sand,  and  dips  away  from  the  dome  on  all  sides.  Between  the 
producing  area  on  the  dome  and  that  of  the  shale-oil  belts  on  its  flanks, 
there  is  a  strip  }>i  mUe  or  more  in  width  in  which  oil  is  not  found  in  any 
quantity,  and  in  this  the  belts  are  apparently  much  broken.  The  salt 
mass  which  occurs  at  1400  to  1600  ft.  (427  to  488  m.)  on  the  dome,  was 
struck  at  2320  ft.  (707  m.)  at  the  western  edge  of  the  shale-oil  belt  lying 
east  of  the  dome.  This  well  was  drilled  to  a  depth  of  5410  ft.  (1649  m.) 
without  getting  through  the  salt.  To  the  east  of  this,  wells  considerably 
more  than  3000  ft.  (914  m.)  deep  found  only  stratified  materials. 

These  conditions  indicate  clearly  that  the  domes  comprise  an  intrusive 
mass  of  salt,  gypsum,  or  anhydrite,  conung  up  through  the  sedimentary 
beds,  which  are  broken  and  tilted.  The  intrusive  action  is  also  shown  by 
the  sills  of  salt  and  gypsum  which  are  found  in  some  of  the  domes. 
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No  fossiliferouB  beds  have  beeo  found  in  connection  with  these  Co&Btal 
Domes  that  are  earher  in  age  than  the  Miocene,  except  in  one  well  at 
Sour  Lake,  where  Harris  found  Jackson  fossils,  and  in  another  at  Sara- 
toga in  which  forms  of  similar  ago  were  reported.  No  oil  was  found  in 
either  of  these  wells,  and  other  drillings  near  them  failed  to  find  any 
extension  of  these  deposits,  which  are,  therefore,  seemingly  restricted  to 
very  narrow  hmits. 

ORiom  OF  Intrusives 

The  association  of  the  gypsum,  salt,  and  anhydrite  suggest  their 
derivation  from  sea  water  by  evaporation.  Attention  has  been  called  to 
the  fact  that  the  occurrence  of  the  gypsum  above  the  salt  in  these  domes 
indicates  that  these  substances  may  have  had  some  other  origin,  but  none 
of  the  hypotheses  suggested  seems  to  have  any  better  grounds  than  that 
of  the  famiUar  one  of  evaporation  of  brines  from  sea  water,  especially  as 
the  geological  facts  indicate  the  probability  of  favorable  conditions  for 
such  formation  in  this  region. 

The  salt  masses  of  the  interior  domes  lie  below  the  Woodbine.  There- 
fore, their  deposition  must  have  taken  place  prior  to  the  beginning  of 
Upper  Cretaceous  sedimentation.  There  were  two  periods  antedating 
this  which  were  especially  favorable  for  the  deposition  of  gypsum  and  salt. 

Prior  to  the  Comanchean  Cretaceous,  East  Texas  was  part  of  a  land 
mass,  a  region  of  erosion  and  not  of  deposition,  with  drainage  into  the 
epi-continental  sea  of  North  Texas.  The  encroachment  of  the  Coman- 
chean sea  was  from  the  west  and  south,  and  the  character  of  its  sediments, 
as  seen  in  the  extreme  eastern  exposures  in  Arkansas  and  southward  into 
Texas,  are  those  of  shallow  water,  showing  that  the  old  land  area  was  but 
slightly  submerged.  The  Trinity  in  Arkansas  carries  considerable  beds 
of  gypsum,  a  condition  which  was  duplicated  in  West  Texas,  where,  in  the 
Malone  mountains,  we  have  hundreds  of  feet  of  gypsum  of  Lower  Creta- 
ceous age.  There  is,  therefore,  no  reason  why  salt  and  gypsum  deposits 
of  this  age  may  not  be  expected  in  the  area  of  northeast  Texas  occupied 
by  the  interior  domes. 

A  second  period  favorable  for  such  deposits  is  found  in  the  interval 
between  the  Comanchean  and  the  Upper  Cretaceous.  While  we  ha™ 
no  such  positive  evidence  of  the  accumulation  of  such  deposits  of  sea 
salts  at  this  period  as  those  already  mentioned,  the  fact  that  for  hundreds 
of  miles  the  contact  between  the  Buda  limestone,  which  marked  the  close 
of  Comanchean  deposition,  and  the  Eagle  Ford  (which  overlies  the 
Woodbine  when  the  latter  is  present)  shows  no  signs  whatever  of  erosion, 
proves  that  during  the  long  period  that  elapsed  between  them  the  top  of 
the  Comanchean  must  have  remained  at  or  near  sea-level,  and  in  such 
relation  to  it  that  no  terrigenous  sediments  could  be  laid  down  on  it. 
In  the  more  littoral  zone  of  Northeast  Texas,  the  Buda  is  represented 
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by  clays,  aod  the  conditions  would  be  even  more  favorable  for  the  for- 
mation of  salt  basins  and  the  accumulation  of  gypsum  and  salt  prior 
to  the  beginning  of  Upper  Cretaceous  sedimentation.  There  is  every 
reason  to  believe,  therefore,  that  the  gypsum  and  salt  found  in  connection 
with  the  interior  domes  may  have  been  deposited  during  the  Lower  Cre- 
taceous or  in  the  Mid-Cretaceous  interval. 

While  sediments  of  Jackson  age  have  been  found  in  connection  with 
the  salt  of  the  Coastal  Domes,  in  no  place  has  salt  been  found  beneath 
these  deposits.  It  is  found,  however,  underlying  the  Neocene  beds; 
what  we  know,  then,  is  that  they  are  pre-Neocene. 

In  the  Coastal  area,  so  far  as  is  evidenced  by  the  beds  at  the  surface, 
marine  sedimentation  closed  with  the  Eocene,  and  during  the  Oligocene 
and  Neocene  the  deposits  are  largely  those  of  land  and  fresh  water. 

That  the  withdrawal  of  the  sea  at  the  close  of  the  Eocene  was  ac- 
companied by  the  deposition  of  beds  of  massive  gypsum  is  clearly  shown 
at  the  southern  end  of  the  belt  of  Gulf  Coast  Eocene  on  the  Conchos 
River,  in  Mexico,  Here  the  Frio  clays,  which  are  the  uppermost  Eocene 
"beds  and  are  probably  of  Jackson  age,  form  a  large  portion  of  the 
Pomeranes  Mountains.  They  carry  in  their  upper  portion  heavy  beds 
of  massive  gypsum,  alabaster,  and  selenite,  interbedded  with  clays. 
The  pre-OIigocene  age  of  the  gypsum  beds  is  clearly  shown  by  their 
relation  to  the  yellow  clays  of  the  San  Rafael  formation  lying  to  the  east. 

While  similar  conditions  are  not  positively  known  to  have  occurred 
in  East  Texas,  it  is  probable  that  they  did,  and  that  the  salt  and  gypsum 
which  occur  iii  connection  with  the  coastal  domes  was  deposited  at  the 
time  of  tnis  emergence  and  prior  to  the  deposition  of  the  Corrigan  sands. 

Origin  of  the  DouSs 

The  character  and  structure  of  the  domes  show  conclusively  that 
they  are  the  result  of  orogenic  action  and  that  this  activity  has  been 
manifested  at  different  times  and  in  different  degrees. 

The  interior  domes  and  the  Sabine  Peninsula  were  begun  by  crustal 
movements  at  the  end  of  the  Upper  Cretaceous,  and  were  involved  in 
later  movements  at  the  end  of  the  lower  Eocene  and  during  the  Claiborne 
or  middle  Eocene,  resulting  in  total  elevations  of  2500  ft.  (762  m.) 
or  more  above  their  normal  horizon.' 

Similarly,  the  coastal  domes  were  elevated  by  orogenic  forces  acting 
after  the  deposition  of  the  Lafayette  and  prior  to  that  of  the  Port  Hudson 
clays.  The  elevations  in  this  case  are  fully  as  great  as  in  those  of  the 
interior  domes,  as  is  proved  by  drilling.  In  the  case  of  Damon  Mound,  the 
elevation  does  not  appear  to  have  entirely  ceased,  since  the  San  Bernard 

•  0.  B.  HopkinB:  U.  8.  G.  8.  Buil.  661  (1917). 
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River,  flowing  on  its  western  aide,  seems  to  be  still  cutting  its  canyon 
where  it  crosses  it,  although  to  the  north  and  south  its  banks  ore  tow  and 
flat.    The  movements  are  most  probably  the  result  of  iaostasy. 

The  Question  of  Vdlcanicity 

According  to  the  writer's  point  of  view,  the  question  of  vulcanicJty 
cannot  enter  into  the  origin  of  the,  materials  of  which  the  domes  are  com- 
posed, since,  although  salt  may  be  formed  by  volcanic  emanations, 
we  have  here  no  need  to  invoke  such  a  theory  of  its  origin,  since  a  more 
natural  one  is  probable.  Neither  is  it  believed  to  be  the  actual  dome 
producer,  but  rather  an  accompanying  factor  or  feature  of  theforces which 
caused  them. 

Both  salt  and  anhydrite  become  liquid  at  far  lower  temperatures 
than  any  lava,  and  existing  in  considerable  bodies,  as  they  probably 
did  here,  cbuld  be  readily  forced  into  any  opening  caused  by  flexures 
or  faulting  of  the  crust  above  them  more  easily  than  a  plug  of  basalt. 
Apparently  this  is  what  has  occmred,  and  since  the  term  vuloanism 
is  used  by  Chamberlin  and  Salisbury*  "to  embrace  not  only  volcanic 
phenomena  in  the  narrower  sense,  but  all  outward  forcing  of  molten 
material,  whether  strictly  extrusive  or  merely  asceneive,"  it  is  thought 
to  cover  the  phenomena  of  the  intrusive  salt,  gypsum,  and  anhydrite 
stocks  in  these  domes,  as  fully  as  if  the  stocks  were  basalt  or  other  rock 
material. 

<  T.  C.  Chamberlin  and  R.  J>.  Salisbury:  "Geology,"  2d  Ed.,  £90.  New  York, 
Henry  Holt  &  Co.,  1906. 
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Accepted   Standards 

IT  IS  a  reasonable  statement  that  now 
is  no  time  to  fool  with  "jiist  as  good*' 
brands. 

The  entire  nation  is  fighting  for  big  stakes, 
and  American  industry  is  in  the  fight 
clear  to  the  hilt  So  when  we  advocate 
Goodrich  Made  Rubber  Goods  —  and 
Goodrich  Hose  for  all  purposes  is  a  most 
important  part  of  the  line — we  do,  so 
with  a  clean  record  of  50  years'  standing 
to  back  up  our  recommendation. 

"We  invite  your  correspondence. 
THE  B.F.EDODRIEH  RUBIER  CDRIMY. 

Mkk«n  of  the  Celebrated  Goodrich  Antomoliiln  Htm'— 
"Bat  in  th«  Lang  Ann" 

Tbo  City  of  Goodrich-AKRON,  OHIO 
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Company's  novel  welding  system.     Some 
of  its  points  of  superiority  are : — 

1.  Constant  energy. 

2.  Shortest  known  arc. 

3.  High  efficiency. 

4.  No  resistance  in  series 

with  arc. 

By  the  use  of  this  equipment  good 
operators  are  producing  consistently  per- 
fect welds. 

We  are  prepared  to  demonstrate  this 
equipment  and  make  good  deliveries. 


General  Electric  Company 
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NEW  YORK  MEETING,  FEBRnARY  17-20,  1919 

In  preparation  for  the  119th  meeting,  New  York,  Feb.  17  to  20, 1919, 
the  following  committees  have  been  appointed: 


Allen  H.  Rooebs,  Chairman. 
J.  E.  Johnson,  Jr.  F.  T.  Ri 

R,  C.  Fabuelbb.  Forbbt 

Committee  on  Amiual  Dinner  Committee  on  Luncheon 

F.  T,  Rtjbidqe.  Forest  RuTUEaronD,  ChairTnart. 

E.  B.  Srtmais.  E.  Maltby  Sripp. 

Committee  on  Patriotic  Meeting 

H.  C,  Pabmelbb,  Chairman. 

CLOSING  DATE  FOR  PAPERS  FOR  THE  NEW  TORE  HEETINO 

The  Committee  on  Papers  and  PubHcations  has  set  Dec.  1,  1918, 
as  the  closing  date  for  the  receipt  of  manuscripts  of  papers  intended  for 
presentation  at  the  New  "York  Meeting,  in  February.  Such  papers 
as  are  to  be  submitted  to  technical  committees  of  the  Institute,  before 
submission  to  the  editors,  should  be  sent  to  such  committees  in  ample 
time  to  allow  them  to  be  forwarded  to  us  on  or  before  the  above  date. 
In  order  to  permit  publication  in  the  January  Bulletin,  for  the  sake  of 
wider  circulation  before  the  meeting,  it  is  desirable  for  manuscripts 
to  be  received  earlier  than  the  date  mentioned.  Papers  received  toward 
the  end  of  November  will  probably  not  appear  in  a  Bulletin  earlier 
than  that  for  February,  1919,  which  will  allow  only  a  few  days  for  pub- 
lication and  circulation  before  the  meeting. 
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MILWAUKEE  MEETING 

The  One  Hundred  Eighteenth  Meeting  of  the  Institute  was  held  at 
the  Milwaukee  Auditorium,  on  Tuesday,  Oct.  8,  to  Thursday,  Oct.  10, 
inclusive,  1918,  under  the  joint  auspices  of  the  Committee  on  Iron 
and  Steel  {Chairman,  Prof.  J.  W.  Richards),  and  the  Institute  of  Metals 
Division  (Chairman,  William  M,  Corse),  and  simultaneously  with  sessions 
of  the  Americaa  Foundrymen's  Association  and  of  the  American  Malleable 
Castings  Association.  It  waa  preeminently  a  war  meeting.  It  was 
attended  by  KH'members  of  the  Institute. 

The  social  features,  so  far  as  the  members  of  this  Institute  were 
concerned,  were  shght,  but  generous  and  appropriate  entertainment 
was  offered  to  the  ladies,  consisting  of  automobile  sight^seeing  trips, 
reception,  concert  and  dance  on  Tuesday  evening,  a  theatre  party  Wednes- 
day evening,  and  a  banquet  in  the  Auditorium  Thursday  evening,  at 
which  the  speakers  were  Charles  M.  Schwab,  Director  General  of  the 
United  States  Shipping  Board  Emergency  Fleet  Corporation,  Major 
A.  Radclyife  Dugmore,  and  W.  H.  Blood,  Jr.,  Assistant  to  the  I^esident 
of  the  American  International  Shipbuilding  Corporation. 

A  joint  session  was  held  on  Tuesday  morning,  at  which  an  address 
of  welcome  was  delivered  by  Hon.  Emanuel  L.  Phillipp,  Governor 
of  Wisconsin,  with  a  response  by  Benjamin  D.  Fuller,  President  of  the 
American  Foundrymen's  Association,  and  the  following  addresses: 

Activities  of  tbe  Army  Ordnance  Department,  Especially  as  Applied  to  Foundry 
Mattore.  By  C.  S.  Kocb,  Cannon  Section,  ProducUoD  Division,  Ordnance  Depart- 
ment, Washrngton,  D.  C. 

CoBperation  between  the  Railroad  Administration  and  the  Metal- working  Indus- 
triee.  By  E.  D.  Bri^ham,  Manager,  iron  ore,  coal  and  grain  traffic,  United  States 
Railroad  Administration,  Duluth. 

Modem  Methods  of  Transferring  Skill,  illustrated  by  military  films.  By  Major 
Frank  B.  Gilbreth,  Providence,  R.  I. 

On  Wednesday  morning,  the  Institute  of  Metals  Division  conducted 
a  symposium  on  the  conservation  of  tin,  while  the  iron  and  steel  section 
covered  the  programs  of  both  the  iron  and  steel  and  the  coal  and  coke  ses- 
sions, as  scheduled  in  the  announcement  published  in  the  September 
BtiUetin.  The  symposium  on  tin  will  be  published  in  its  entirety  in  the 
December  Bulletin. 

On  Wednesday  afternoon  and  Thursday  morning  the  Institute  of 
Metals  Division  conducted  the  sessions  previously  announced  for  these 
occasions,  deaUng  mainly  with  the  metallurgy  of  copper,  zinc,  brass, 
bronze,  and  amalgams. 

A  complete  list  of  all  the  papers  presented  at  these  sessions  will  be 
printed  in  the  December  Bulletin,  which  will  also  contain  the  discussion 
elicited  by  each  paper. 

The  plants  opened  to  inspection  by  visitors  to  Milwaukee  included 
some  very  large  industrial  concerns,  such  as  the  AUis-Chalmers  Manufac- 
turing Co.,  the  Bucyrus  Co.,  the  Wisconsin  Gun  Co.,  the  Worthington 
Pump  and  Machinery  Corporation,  and  many  important  iron  and  steel 
foundries,  as  well  as  the  pulverized-coal  boiler  plant  of  the  Milwaukee 
Railroad  and  Electric  Power  Company. 
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LOCAL  SECTION  NEWS 

MEW  YORK  SECTION 

Allbk  H.  Rookhs,  Chainrum,  H.  C.  Parmbleb,  Vice-chairman, 

FoRBBT  RuTHBRPOBD,  Vice-chairman, 

W.  S.  Dickson,  Seerelary,  71  Bkoadwat,  New  York,  N.  Y. 

J.  E.  Johnson,  Jb.  F.  T.  RTmiDOB,  Treaaurer,  P.  G,  Spilbbttht, 

A  meeting  of  the  New  York  Section  was  held  at  the  Machinery  Club 
on  Friday  evening,  Oct.  4, 1918,  the  Chairman,  Allen  H.  Rogers,  presiding. 
The  ChairJiIan. — Most  of  ua,  I  suppose,  have  been  affected  more  or 
less  by  the  request  of  the  Fuel  Administration  that  we  leave  our  auto- 
mobiles standing  in  the  garages  on  Sundays.  We  shall  all  be  interested 
in  hearing  about  the  situation  that  has  called  forth  this  request,  and 
the  Oil  Administrator,  Mr,  Requa,  has  Idndly  come  from  Washington 
to  tell  us  about  it. 

Mark  L.  Requa. — I  am  very  glad  to  tell  you  about  the  oil  problem 
durii^  this  war  period. 

The  United  States  is  supplying  by  far  the  greater  part  of  all  the 
petroleum  products  consumed  m  Great  Britain,  France  and  Italy.  In 
addition  to  this,  we  have  had  to  supply  a  marked  increase  in  our  domestic 
consumption,  not  only  of  the  refined  products,  but  of  fuel  oil  as  well. 
The  combination  has  put  a  strain  on  the  oil  industry,  which  it  is  very 
difficult  to  meet.  The  oil  companies,  being  under  contract,  had  no 
option  as  to  who  should  get  their  oil  first,  and  they  were  delivering  pro 
rata  to  everybody;  manufacturers  of  furniture  were  getting  oil  with  the 
same  regularity  as  those  who  were  making  aeroplanes  or  munitions,  and 
the  oil  companies  felt  that  something  should  be  done. 

The  first  order  with  which  I  had  anything  to  do  was  the  priority  list 
for  the  delivery  of  fuel  oil.  That  list  contained  12  classifications,  begin- 
ning with  bunker  fuel  and  railroads,  and  you  will  reaUze  the  complexity 
of  the  situation  when  you  hear  that  munitions  plants  are  in  class  11.  - 
The  priority  list  held  during  the  winter,  but  transportation  became  so 
bad,  because  of  the  number  of  ships  that  were  taken  for  trans-Atlantic 
use,  that  some  of  the  oil  companies  were  not  able  to  deliver  more  than 
about  60  per  cent,  into  class  5,  and  nothing  beyond  that  point.  To  add 
to  the  troubles,  the  tank-car  mileage  fell  off.  The  average  for  1917  was 
about  36  miles  per  car  per  day;  in  January,  1918,  it  dropped  to  about 
8  miles,  and  it  must  have  been  nearly  zero  in  the  early  part  of  February. 
Because  of  the  extremely  severe  winter,  furthermore,  pipe  hues  were  not 
deUvering  anywhere  near  their  normal  capacity. 

A  new  priority  list  has  recently  been  promulgated,  introducing  a  few 
slight  changes.  Natural  gas  has  been  brought  under  its  provisions,  and 
it  has  been  extended  to  include  the  Pacific  Coast,  which  was  not  con- 
sidered necessary  last  winter.  The  situation  in  the  gas  industry  is  not 
satisfactory;  it  is  estimated  that  there  will  be  a  decrease  of  10  to  20  per 
cent,  in  the  quantity  of  natural  gas  available  this  winter,  as  compared 
with  last  winter. 
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It  is  not  possible  to  mpet  satisfactorily  the  demand  for  oil.  We 
could  probably  put  100,000  bbl.  a  day  into  England,  and  another  100,000 
bbl.  into  France,  if  we  had  adequate  transportation,  and  I  know  we  could 
dispose  of  100,000  bbl.  a  day  along  the  Atlantic  seaboard,  so  the  whole 
question  is  in  one  of  supply.  The  growth  of  the  oil  industry  from  1861 
to  1917  has  averaged  9.5  per  cent,  increase  every  year;  from  1904  to 
1917,  the  annual  increment  has  been  about  S.5  per  cent.  We  require 
this  year,  to  meet  the  normal  expected  increase,  not  leas  than  25,000,000 
bbl.  of  oil  above  last  year's  output,  and  I  presume,  because  of  the  war 
demands,  the  increase  will  be  greater  than  that. 

It  is  obviously  very  difficult  to  provide  transportation  for  that  tre- 
mendous annual  increase  in  the  face  of  the  demand  for  transportation 
of  material  for  other  purposes.  The  pipe  lines  to  the  Atlantic  seaboard 
are  running  to  capacity;  these  lines  have  been  augmented  this  summer, 
increasing  their  capacity  by  about  25,000  bbl.  The  pipe  lines  to  the 
Gulf  are  also  operating  nearly  to  capacity.  These  two  pif)e-line  systems 
are  deUvering  about  half  of  the  production  east  of  the  Rocky  Mountains. 
The  remainder  is  sent  inland  and  is  distributed  by  tank  cars,  and  if  it 
reaches  the  eastern  seaboard  at  all  it  arrives  in  the  form  of  refined  prod- 
uct. The  Mexican  situation  has  been  very  unsatisfactory,  although 
we  have  been  able  to  bring  a  little  more  oil  out  of  Mexico  this  year  than 
last  year. 

The  draft  on  stocks  in  1917  was  about  21,000,000  bbl.  but  during  the 
first  6  months  of  this  year,  as  compared  with  the  same  6  months  last  year, 
the  draft  has  increased  22  per  cent. 

I  am  glad  to  say  that  there  is  a  silver  lining  to  the  cloud;  a  new  oil 
field  is  being  developed  in  Texas  which  bids  fair  to  meet  all  ^e  require- 
ments for  some  time  to  come.  This  is  the  Ranger  Field,  in  E^tland 
County,  about  100  miles  west  of  Dallas.  The  oil  is  found  at  a  depth  of 
3000  or  3200  ft,,  the  wells  are  large,  the  oil  is  of  excellent  quality,  and 
there  is  a  production  of  about  20,000  bbl.  a  day  at  the  present  time. 

Recent  conferences  have  decided  upon  the  building  of  pipe  lines  from 
the  Ranger  Field  to  tide-water;  these  will  be  equipped  to  carry  about 
100,000  bbl.  of  oil  a  day,  and  it  is  estimated  that  within  9  months  from 
now  they  will  be  running  to  capacity. 

The  oil  from  this  new  field  will  also  go  north  to  Oklahoma,  where  there 
are  many  refineries  that  are  not  now  adequately  suppUed  with  crude  oil. 
As  a  matter  of  fact,  the  refinery  capacity  of  the  country  is  about  30 
per  cent,  in  excess  of  the  crude  supply,  or  was,  some  months  ago,  when 
an  investigation  was  made. 

On  account  of  the  lack  of  oil  at  the  smaller  Oklahoma  refineries,  keen 
competition  grew  up  there,  which  had  to  be  stopped.  AVhen  I  under- 
took this  work,  the  posted  price  of  oil  in  the  Oklahoma  Field  was  25  c. 
a  barrel  less  than  it  is  at  present,  and  in  Texas,  where  there  was  no  posted 
price,  it  was  50  c.  a  barrel  less  than  now.  I  think  the  oil  producers  of 
Texas  took  advantage  of  certain  conditions  to  advance  the  price  unduly. 
They  were  entitled  to  an  increase — ^whether  it  should  have  been  50  c. 
a  barrel,  or  something  less,  I  do  not  know  that  we  can  determine  accurately 
— but  my  belief  is  that  they  got  about  15  c.  more  than  they  were  entitled 
to.  There  was  a  great  deal  of  criticism  that  I  should  have  permitted  the 
advance  at  that  time,  but  after  a  careful  field  investigation  by  several 
agents,  who  were  practical  oil  men  from  California,  and  hence  were 
not  particularly  interested  in  the  eastern  situation,  and  after  conference 
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with  the  marketing  companies  and  the  producers,  I  became  satisfied  that 
it  was  wise  to  permit  an  advance  of  25  c.  a  barrel  in  Oklahoma.  We  were 
not  getting  the  oil  we  required,  and  nowhere  near  it;  we  ran  20-odd 
million  barrels  behind  last  year.  The  consensus  of  opinion  wae  that  a 
little  more  stimulus  was  required  to  produce  the  oil  necessary  in  Okla- 
homa; so  the  posted  price  was  advanced  25  c.  a  barrel  by  the  Prairie  Pipe 
Line,  and  has  been  maintained  at  that  figure  ever  since. 

There  is  no  provision  in  the  Lever  Bill— which  is  the  authority  under 
which  both  Mr.  Hoover  and  Dr.  Garfield  are  operating — for  price-fixing; 
it  does  permit  regulation  of  profits.  Section  25  of  the  bill  does  provide 
for  the  fixing  of  coal  and  coke  prices,  but  that  section  has  nothing  to  do 
with  any  other  part  of  the  bill,  and,  as  a  matter  of  fact,  wae  added  as  an 
afterthought,  to  make  unnecessary  the  passage  of  another  bill;  hence  the 
Fuel  Administration  has  direct  authority  to  fix  the  prices  of  coal  and  coke, 
but  not  of  oil.  As  a  matter  of  fact,  it  does  not  need  this  authority, 
for  two  reasons — first,  because  the  posted  price  in  the  field  can  be  regulated 
at  any  time;  secondly,  because  the  industry  has  expressed  and  carried 
out  a  complete  harmony  of  action,  and  has  exhibited  unvarying  willing- 
ness  to  conform  to  the  expressed  wishes  of  the  Fuel  Administration. 
Thus,  while  as  a  matter  of  law  no  regulation  of  prices  is  possible,  as  a 
matter  of  fact,  prices  can  be  and  have  been  regulated,  by  the  voluntary 
acts  of  the  industry. 

Of  the  100,000,000  bbl.  of  stored  oil  available  in  the  eastern  United 
States,  at  least  80  per  cent,  is  in  the  hands  of  the  former  Standard  Oil 
group,  and  the  entire  number  of  companies  owning  the  remaining  20  per 
cent,  is  probably  not  25  or  30;  the  oil  storage  of  the  country  is  actually  in 
the  hands  of  a  very  few  companies.  On  my  requesting  these  companies 
to  allocate  some  of  their  oil  to  the  smaller  refineries,  they  offered  20,000 
bbl.  a  day  for  allocation.  Some  18,000  bbl.  of  it  has  already  been  placed, 
and  the  rest  of  it  will  be  distributed  in  a  few  days,  and  if  that  is  not  enough, 
we  will  ask  for  another  20,000  bbl.  to  be  allocated.  The  smaller  com- 
panies, at  first,  were  slow  to  realize  their  opportimity,  and  quite  a  long 
time  went  by  before  they  made  any  effort  to  avail  themselves  of  it. 

At  the  time  the  stabilization  of  price  was  undertaken,  a  voluntary 
agreement  was  entered  into  by  the  producers  and  refiners  that  to  the 
base  price  of  $2.25  should  be  added  certain  maximum  premiums, 
which  would  thereby  establish  the  different  grades  of  oil  in  the  Okla- 
homa field;  the  premiums  ranged  from  10  c.  to  as  high  as  11.50  a  barrel. 
It  was  also  stipulated  in  this  agreement  that  no  oil  should  be  diverted 
from  the  channels  in  which  it  was  then  running,  without  a  direct  permit. 
This  purely  voluntary  agreement  immediately  stopped  any  further 
advance  in  the  price  of  crude  oil,  and  they  have  held  pretty  successfully 


that  it  would  be  more  or  less  of  a  calamity  if  it  should  become  necessary 
for  the  Government  to  take  over  the  oil  industry,  and  I  have  continuously 
pleaded  with  the  industry  so  to  conduct  itself  as  to  leave  no  opening 
that  would  justify  the  Government  in  taking  control  and  operating  it. 
Because  of  the  acute  lack  of  supplies,  I  felt  that  the  situation  had  to  be 
handled  with  the  greatest  delicacy,  that  nothing  should  be  done  that 
would  retard  or  discourage  the  industry,  or  interfere  with  the  output  of 
petroleum  products.  So  I  said  to  the  oil  operators'  Petroleum  War 
Service  Committee  that  I  hoped  it  would  continue  its  organization  just 


viii  Monthly  Bulletin  No.  143,  Noveubeh,  1918 

as  it  was,  except  that  it  should  be  enlarged  and  made  more  representative, 
and  extended  to  every  oil  field  in  the  United  States.  This  has  since 
been  done.  There  are  Eub-committees  covering  every  phase  of  the 
problem — oil-well  supplies,  the  refiners,  the  producers,  the  jobbers,  the 
marketers,  and  there  is  a  committee  in  each  of  the  fields  to  deal  with  its 
own  particular  problems. 

All  of  the  shipments  for  the  Allies  ara  allocated  by  the  Secretary  of 
that  committee,  and  a  representative  from  my  office.  Prices  were  agreed 
upon  early  last  spring,  and  haveremainedconstantup  to  the  present  time. 

To  avoid  possible  criticism  as  to  throwing  the  business  into  the  hands 
of  large  marketing  companies,  I  made  an  agreement  with  the  lai^e 
companies  tJiat,  after  the  allocation,  if  anyone  felt  slighted,  or  that  he 
wanted  more  of  the  business,  he  should  have  it;  but  that  the  large  com- 
panies, the  Standard,  the  Texas,  the  Tidewater,  the  Gulf,  the  Mexican 
Petroleum,  and  others,  would  stand  ready  to  supply  any  deficit  during  the 
allocation  period.  This  plan  has  worked  perfectly  satisfactorily  and 
there  has  been  no  demand  from  anyone  for  a  larger  part  of  the  business 
than  was  allocated  to  him;  in  fact,  many  of  the  companies  have  not  cared 
to  take  their  whole  allocations — the  domestic  prices  in  their  own  par- 
ticular localities  appeared  to  be  more  attractive  than  the  Seaboard 
prices  for  export. 

The  requirements  for  overseas  are  growing  very  rapidly,  and  I  am 
sure  that  they  will  continue  to  grow  still  more  rapidly  after  the  firat  of 
next  year;  but  I  am  equally  sure  that,  whatever  they  may  be,  we  shall 
be  able  to  meet  them.  To  do  that,  of  course,  may  require  a  certain 
amount  of  cutting  and  fitting  at  home,  but  that  will  be  done. 

We  are  having  an  exhibition  of  what  is  one  of  most  remarkable  demon- 
strations of  American  solidarity  that  has  happened  since  the  war — the 
"gasless  Sunday."  This  has  been  successful  to  the  extent  of  making 
it  possible  to  load  10  cai^es,  about  500,000  bbl.,  of  gasoline  for  Europe 
that  otherwise  could  not  have  gone.  The  stock  of  gasoline  available 
for  the  Atlantic  Seaboard  got  dangerously  low.  There  was  an  argument 
all  summer  in  the  Petroleum  War  Service  Committee  as  to  whether  we 
should  get  through  the  year  or  not.  We  kept  going  as  lor^  as  we  could, 
until  one  day  General  Pershing  wanted  90,000  drums  of  gasoline  in  addi- 
tion to  all  that  had  gone  forward.  Curtailment  appeared  unavoidable, 
and  took  the  form  of  a  request  for  the  "gasless  Sunday;"  this  was  nothing 
but  a  request,  but  it  was  much  more  effective  than  any  order  would 
have  been.  The  whole  affair  has  made  a  profound  impression  upon  the 
American  people,  by  showing  how  absolutely  solidly  the  whole  nation 
is  behind  the  war,  and  behind  the  Government. 

We  have  encountered  one  problem  which  would  not  arise  ordinarily — 
that  is  the  problem  of  aviation  gasoline.  The  end  point  of  ordinary 
gasoline  is  placed  at  about  430°  F.  The  British  aviation  gasoline  has  an 
end  point  of  302°;  the  grade  of  gasoline  that  we  manufacture  for  special 
fighting  use  has  an  end  point  of  257°.  This  is  expensive  to  manufac- 
ture, as  compared  to  ordinary  gasoline,  and  the  percentage  obtainable 
from  a  given  oil  is  much  less.  The  solution  of  the  problem  was  made 
possible  only  by  some  form  of  conservation. 

The  President  some  time  ago  created  the  Committee  for  the  Standard- 
ization of  Petroleum  Specifications.  We  have  undertaken  to  correlate 
all  of  the  petroleum  products  specifications  of  the  Government  depart- 
ments— such  as  lubricating  oils,   kerosene,  gasoUne,  and  everything 
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else — and  issue  standards  that  will  be  known  as  V.  S.  Government 
Specifications.  That  committee  comprises  representatives  of  the 
Army  and  Navy,  the  Shipping  Board,  the  Railway  Administration, 
and  the  Fuel  Administration.  A  delegation  representing  the  Inter- 
Allied  Petroleum  Commission,  which  was  convened  inLondon,  conferred 
with  us  on  the  subject  of  our  specifications,  and  we  authorized  yester- 
day the  publication  specifications  standardizing  the  various  grades  of 
gasoline.  There  will  be  motor  spirit;  the  domestic  grade,  used  for  do- 
mestic flying  purposes;  the  export  grade,  which  corresponds  very  closely 
with  the  British  specifications;  and  a  fighting  grade,  which  is  practically 
a  repetition  of  the  French  specifications.  The  other  products  are  to  be 
standardized  as  rapidly  as  possible. 

Because  of  the  tremendous  morease  in  munitions  manufacture,  the 
demand  for  fuel  oil  has  mcreaeed,  a  great  deal  of  this  being  used  in  heat 
treatment;  we  must  supply  a  quantity  considerably  in  excess  of  what 
has  been  supplied  heretofore.  We  shall  meet  the  situation  fairly  com- 
pletely, especially  if  we  get  the  tank  ships  that  are  now  promised  for 
bringing  oil  from  the  Gulf  and  from  Mexico, 

It  is  going  to  be  necessary  for  us  to  continue  a  policy  of  conservation, 
especially  of  gasoline,  and  my  idea  is  to  evolve  some  other  plan  of  volun- 
tary conservation.  The  present  "gasless  Sunday"  plan  obviously  can- 
not continue  very  long,  because  it  is  so  largely  class  legislation;  a  large 
portion  of  the  population  is  unable  to  use  automobiles  on  any  other  day 
than  Sunday.  Our  gasoline  production  increased  27  per  cent,  during 
the  first  6  months  of  this  year,  as  compared  with  the  first  6  months 
of  last  year,  but  consumption  during  the  same  period  increased  31  per 
cent.  The  domestic  exports  increased  24  per  cent.  During  the  same 
period,  the  fuel-oil  production  increased  21  per  cent,  while  consumption 
increased  22  pet  cent.  Hence  the  problem  relates  not  only  to  production 
and  r^ning,  but  it  is  essentially  a  problem  of  transportation. 

We  produced  about  340,000,000  bbl.  of  oil  last  year,  and  shall  produce 
considerably  more  this  year,  owing  largely  to  the  Ranger  Field.  We 
shall  have  to  draw  on  storage  for  considerably  more  than  we  did  last  year, 
but  the  outstanding  feature  in  the  situation  east  of  the  Rocky  Mountains 
is  that  we  have  a  new  oil  field  which  apparently  is  able  to  supply  any  de- 
ficiency owing  to  a  decUne  in  existing  fields.  I  have  not  the  slightest 
doubt  that  the  American  oil  industry  will  be  able  to  meet  every  demand 
that  will  be  made  upon  it  from  Europe.  We  are  producing  today  prac- 
tically 70  per  cent,  of  the  oil  of  the  world,  and  with  what  we  can  get  from 
Mexico  we  shall  meet  any  situation,  so  far  as  the  oil  itself  is  concerned. 
Transportation  is  another  problem  which  must  be  dealt  with  separately, 
and  of  the  two  I  think  it  is  the  more  difficult. 

The  situation  with  regard  to  kerosene  is  more  acute  than  that  of 
gasoline.  You  have  not  felt  it  yet,  and  perhaps  you  will  not  feel  it  at 
all,  because  the  industry  has  been  asked  to  run  more  kerosene,  and  they 
are  going  to  do  that.  The  price  of  kerosene  has  increased  less,  propor- 
tionately, than  that  of  any  other  commodity,  which  is  one  reason  why 
more  kerosene  has  not  been  made.  In  some  parts  of  the  country,  notably 
in  Pennsylvania,  last  winter,  it  was  more  profitable  to  throw  the  kerosene 
into  the  fuel  oil  than  to  make  a  refined  product.  The  only  saving  factor 
in  the  situation  has  been  that  kerosene  exports  declined  more  than  30 
per  cent.,  owing  to  the  inability  to  secure  ships  to  move  it.  A  large  part 
of  the  decline  occurred  in  shipments  to  the  Orient,  but  the  decline  in 
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exports  to  Europe  was  also  marked,  although  it  did  not  ran  into  so  gre&t 
tonnage;  shipments  to  Europe  are  increasing  at  the  present  time. 

J.  E.  Johnson,  Jr. — I  have  been  wondering  whether  there  is  any 
possibility  that  the  shortage  in  gasoline  supply  could  be  relieved  by 
the  development  of  the  Diesel  engine  for  use  on  trucks,  where  starting 
and  stopping  may  not  be  so  important  as  in  automobiles. 

Mr.  Requa. — I  do  not  think  the  development  of  the  Diesel  engine 
will  be  a  factor  during  the  war  period. 

I  have  been  reminded  of  one  idea  to  which  I  wish  to  refer.  I  was  in- 
terested the  other  day  in  making  a  comparison  between  the  value  of  coal 
and  oil,  and  I  find  roughly  that  the  value  of  the  oil  products,  including 
natural  gas,  for  1918  will  be  about  $1,500,000,000>  while  that  of  coal  will 
be  about  $1,600,000,000,  the  coal  being  valued  at  the  mouth  of  the 
mine,  and  the  oil  at  the  door  of  the  refinery.  Another  significant  feature 
is  that  the  value  of  the  gasoline  was  about  45  per  cent,  of  the  entire  value 
of  the  oil  produced. 

The  Chairman.— a  number  of  us  are  ignorant  of  the  technology 
of  the  oil  business.  Mr,  Carl  H.  Beal,  of  the  Bureau  of  Mines,  is  here, 
and  perhaps  he  will  tell  us  something  about  the  proixirtions  into  which 
crude  oil  is  divided,  how  they  get  gasoline  from  natural  gas,  and  how  they 
crack  the  heavier  products  to  get  the  lighter  products. 

Carl  H.  Beal. — In  regard  to  the  gasoline  question,  Mr.  Requa  has 
covered  that  very  well,  although  a  few  more  figures  might  impress  upon 
your  mind  the  seriousness  of  the  situation  that  led  to  this  request  for  a 
"gasless  Sunday." 

Counting  our  demands  for  export^  we  had  to  have  about  10,000,000 
bbl.  of  gasoline  for  each  month  during  the  summer.  We  used  about  8,- 
500,000  bbl.  in  this  country,  and  were  exporting  an  average  of  1,500,000 
bbl.  In  the  winter,  especially  in  the  cold  parts  of  the  country,  there  is 
very  little  motoring,  so  that  the  actual  demand  for  gasoline  is  lower  in 
winter  than  in  summer.  In  fact,  we  expect  to  produce  enough  during  the 
fait  and  winter,  and  place  it  in  storage,  to  carry  us  through  the  summer 
mouths.  August  and  September  are  usually  the  worst  months — more 
gasoline  is  used  in  those  months  than  in  any  other  two  months  in  the  year. 

During  August,  our  stocks  of  gasoline  were  decreasing  at-  the  rate  of 
about  1,600,000  bbl.  a  month.  Our  production  of  8,500,000  bbl.  was  only 
enough  for  our  domestic  consumption,  and  we  had  to  provide  the  export 
gasoline  from  some  other  source.  When  Mr.  Requa  requested  the 
"gasless  Sundays"  we  had  only  about  2  or  3  weeks'  supply  on  hand. 
For  that  reason,  I  think  the  whole  country  should  be  grateful  to  the  Oil 
Administration  for  the  way  it  has  handled  the  situation,  l^e  seriousness 
is  over  for  the  present,  and  we  can  now  begin  to  replenish  our  stocks  in 
preparation  for  next  summer.  I  agree  with  Mr.  Requa  that  we  shall 
undoubtedly  have  to  practice  further  conservation  or  restriction  in 
the  use  of  gasoline.  I  do  not  see  how,  with  oiu*  present  supply  of  crude 
oil  and  our  present  refinery  output,  we  can  hope  to  supply  all  that  will 
be  wanted  next  summer. 

As  to  the  sources  of  our  gasoline,  casing-head  oil  is  one;  I  estimate 
this  year  we  shall  produce  about  8,000,000  bbl.  of  gasoline  from  casii^- 
head  oil.  This  gasoline  is  produced  by  two  ordinary  methods:  by  com- 
pression and  refrigeration,  and  by  absorption.  Some  of  the  gasoline  pro- 
duced from  casing-head  oil  is  all  right  for  aviation  motors,  but  some  is 
not.    The  r^ned  gas  is  apparently  satisfactory;  that  which  is  not  reliable ' 
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for  aviation  purposes  may  l>e  used  for  blending  the  heavier  products 
from  the  distillation  of  crude,  such  as  kerosene,  or  heavy  engine  gasoline. 

Another  source  of  gasoline  is  in  the  cracking  tubes ;  the  Burton  process, 
controlled  by  the  Standard  Oil  Co.,  is  the  principal  producer  of  cracked 
gas,  and  consists  in  heatii^  the  gasoline  under  pressure.  The  molecules 
of  the  oil  are  rearranged  into  a  specific  crude  oil  from  which  is  distilled 
ordinary  gasoline.  This  year  we  shall  protjuce  about  6,000,000  bbl.  of 
cracked  gasobne. 

I  estimate  that  the  output  of  the  third  type  of  gasoline,  known  as 
straight-run  gasoline,  will  be  about  74,000,000  bbl.  That  will  give  us  a 
total  production  of  about  88,000,000  bbl.  Last  year  we  produced  be- 
tween 70,000,000  and  75,000,000  bbl.  of  gasoline,  of  which  the  casing- 
head  output  was  5,000,000  barrels. 

Mexico  sent  us  last  year  about  30,000,000  bbl.  of  crude  and  refined 
product.  The  refined  product  consisted  of  fuel  oil  and  distillates — the 
tops,  or  unrefined  gasoline.  Every  barrel  of  tops  presents  the  necessity  of 
our  running  through  storage  5  bbl.  of  our  own  domestic  oil;  in  other 
words,  it  takes  about  5  bbl.  of  crude  oil  to  make  1  bbl,  of  gasoline  in  this 
country.  The  distillates  imported  from  Mexico  consist  largely  of  gaso- 
line, so  that  the  more  of  them  we  can  import  the  easier  it  becomes  for 
our  refineries. 

I  think  we  have  about  reached  the  zenith  of  our  oil  production. 
We  have  been  very  ambitious  in  developing  our  supplies  and  evolving 
methods  for  getting  the  oil  out  of  the  ground,  and  our  methods  have 
reached  a  high  degree  of  perfection.  Our  fields  have  been  more  com- 
pletely worked  than  those  of  any  other  country;  the  fields  in  many  other 
countries  have  not  been  touched. 

I  ought  to  mention  the  possible  utilization  of  our  shale  deposits. 
Enormous  quantities  of  oil  are  locked  up  in  the  shales,  probably  many 
times  greater  than  the  original  amount  of  oil  wf  had  in  the  sand,  and  there 
is  no  question  that  we  shall  some  time  utilize  these  shales;  in  fact,  they  are 
the  only  bright  spot  ahead  of  us,  so  far  as  our  oil  supply  is  concerned. 

Shales  are  scattered  all  through  the  Rocky  Mountam  region,  and  many 
of  them  will  average  as  much  as  a  barrel  of  oil  per  ton  of  shales.  The 
principal  drawback  has  been  that  the  price  of  shale  products  has  not 
been  high  enough  to  justify  the  erection  of  plants  for  the  distillation 
of  the  oil  from  the  shale.  I  do  not  know  of  a  single  retort  running  com- 
mercially at  the  present  time.  I  know  of  22  different  processes  that  are 
being  advertised,  and  many  more  companies  have  been  organized, 
but  I  do  not  know  of  any  that  are  making  money.  We  are  convinced 
that  this  is  a  great  resource  of  the  United  States,  but  it  will  be  several 
years  before  these  shales  can  be  retorted  properly. 

The  Government  feels  that  it.  is  its  duty  to  investigate  the  shale 
industry  as  soon  as  it  can,  because  it  is  necessary  to  try  out  all  the  processes 
that  look  at  all  feasible,  to  determine  which  one  should  be  adopted  for 
a  certain  kind  of  shale.  To  that  eiid,  the  Secretary  of  the  Interior,  and 
Mr.  Manning,  of  the  Bureau  of  Mines,  are  both  anxious  to  get  under  way 
some  experimental  work  on  the  extraction  of  oils  from  shales. 

Mask  L.  Requa. — Mr.  Beal  touched  on  the  subject  of  our  future 
resources.  The  Geological  Survey  made  a  very  interesting  computation 
which  would  indicate  that  we  have  exhausted  about  40  per  cent,  of  the 
entire  known  petroleum  resources  of  the  country.  Supposing  that 
additional  oU  areas  will  be  discovered  in  the  United  States,  equal  in  pro- 
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ductiyity  to  those  already  known,  and  assuming  an  annual  consumption 
of  400,000,000  bbl.,  we  have  enough  oil  to  last  for  about  30  years  to  come. 
The  Survey  has  also  made  another  calculation,  which  ghows  that  the 
known  oil  shales  will  produce  a  quantity  of  oil  much  in  excess  of  the 
petroleum  estimate  I  have  quoted.  Of  course,  there  will  be  oil  develop- 
ments in  other  parts  of  the  world,  notably  in  Mexico. 

Capt.  D.  M.  Lidoell. — Mr.  Requa  has  expressed  the. idea  that  con- 
servation according  to  the  present  plan  is  class  discrimination.  Will  be 
please  tell  us  whether  he  thinks  that  the  present  laws  and  regulations 
cover  all  the  ground  necessary  for  proper  conservation  of  gasoline? 
It  seemB  to  me  that  if  the  problem  is  mainly  one  of  transportation,  the 
sooner  we  curtail  consumption,  the  better. 

Mr.  Rbqua.— a  voluntary  effort  to  meet  the  situation,  from  ray  point 
of  view,  is  more  desirable  than  anything  that  could  be  accomplished  by 
the  issuing  of  an  order.  I  do  not  think  it  is  possible  to  secure  any  addi- 
tional legislation  on  this  subject. 

Pew  realize  the  intimate  relationship  existing  between  all  these  oil 
products.  For  instance,  if  you  manufacture  more  fuel  oil,  you  will  get 
more  of  something  else  at  the  same  time,  more  gas-oil  or  gasoline,  kero- 
sene or  lubricating  oil,  all  of  which  must  be  disposed  of.  Gasoline  is 
only  one,  but  a  very  important  part  of  the  whole,  amounting  to  45  per 
cent,  of  the  total  value  at  the  present  time. 

One  obvious  source  of  additional  quantities  of  l^ht  gas-oil  or  fuel  oil 
is  to  stop  cracking.  That  will  immediately  release  6,000,000  bbl.  of  oil 
a  year  that  are  now  going  for  fuel  oil,  but  at  the  same  time  cause  a  deficit 
of  6,000,000  bbl.  of  gasoline,  which  must  be  gained  by  curtailing  its 
consumption.  There  is  no  joy-riding"  with  fuel  oil,  but  there  is  a 
good  deal  of  it  with  gasoline,  and  that  is  where  we  sh^l  have  to  apply 
our  efTorts  at  conservation. 

Some  have  suggested  eonservation  by  card  rationing,  as  is  done  in 
Europe.  I  doubt  if  we  shall  do  this,  but  the  plan  has  the  great  advantage 
of  being  perfectly  elastic.  We  could  zone  the  country  into  ten,  a  dosen, 
or  more  zones,  and  each  user  of  gasoline  would  have  his  card  punched 
every  time  he  bought  any.  You  might  find  that  in  New  England  next 
week,  for  example,  there  was  a  threatened  shortage  of  20  per  cent. ;  it 
would  only  be  necessary  then  to  publish  a  notice  in  New  England  that 
the  gasoline  card  was  good  for  only  80  per  cent,  of  its  face,  and  the  thing 
is  done.  If  there  was  a  surplus,  the  card  might  be  made  good  for  110 
per  cent. ;  or  the  card  system  might  be  repealed  altogether.  Of  course,  it 
is  entirely  feasible  to  issue  5,000,000  cards  in  the  country  and  control 
them,  but  this  means  a  great  deal  of  supervision,  and  if  conservation  can 
be  brought  about  by  voluntary  effort,  it  should  be  done  in  that  way. 
The  oil  industry  itself  is  very  much  opposed  to  the  card  system  because, 
they  Bay,  it  immediately  opens  the  door  for  unbelievable  graft.  Everj' 
truck  should  have  its  full  requirements,  we  must  not  stop  the  necessary 
machines,  but  what  should  be  curtailed  is  the  unnecessary  use  of  the 
automobile,  which,  if  stopped  entirely,  would  liberate  20  per  cent,  of 
the  gasoline  now  consumed. 

After  a  vote  of  thanks  to  Messrs.  Requa  and  Beal,  the  meeting 
adjourned. 

W.  S,  Dickson,  Secretary. 
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MONTANA  SECTION 

N.  B.  Bbalv,  CkaiTman  B.  H.  Ddn8hke,  Vtce-cAoimton 

E.  B.  YouNQ,  Seertlary-Treaawer,  526  Henneay  Building,  Butte,  Mont. 
F.  W.  Bacokn  C.  D.  Dbmond 

According  to  notice,  the  Montana  Section  held  its  regular  fall  meeting 
in  the  Montana  Hotel,  Anaconda,  on  Saturday  evening,  Oct.  5,  1918. 
The  technical  session  was  preceded  by  a  dinner  at  which  73  members  and 
guests  were  present.     Chairman  N.  B.  Braly  presided  .at  both. 

After  the  reading  and  approval  of  the  minutes  of  the  last  regular 
meeting,  Feb.  1,  1918,  the  principal  speakers  of  the  evening  were  intro- 
duced. The  Executive  Committee  had  previously  arranged  for  a  dis- 
cussion or  symposium  on  "The  Labor  Situation,"  the  discussion  to  be 
opened  by  F.  W.  Bacom.  He  was  followed  by  Scott  Leavitt,  Federtd 
Director  for  Montana  of  the  U.  S.  Employment  Service,  who  spoke 
on  "The  Labor  Policies  of  the  Federal  Employment  Service."  E.  A. 
Hewitt  then  spoke  on  the  "The  Employment  System  of  the  North 
Butte  Mining  Co."  Much  discussion  followed  these  papers,  partici- 
pated in  by  C.  W.  Goodale,  J.  L.  Bruce,  Frederick  Laist,  and  D.  C.  Bard. 

The  session  closed  with  a  report  by  F.  A.  Linforth  on  the  Colorado 
Meeting,  which  was  extremely  interesting  to  those  who  had  been  unable 
to  attend  it. 

E.  B.  Young,  Secretary. 


WOMAN'S  AUXILLUIY 

CENTRAL    AMERICANIZATION    COMMITTEE 

Chairman,  Mrs.  C.  C.  Borger 

This  committee  reports  progress  in  drawing  up  circiflars  on  the 
subject  of  Americanization,  to  be  sent  to  all  the  branches  of  the  W.  A.  A. 
I.  M.  E. 

It  is  greatly  to  be  desired  that  all  our  members  should  interest  them- 
selves personally  in  work  that  c&n  be  done  among  the  women  and  children 
in.  the  mining  districts  in  the  way  of  Americanizing  those  of  foreign 
birth  or  extraction;  so  much  can  be  accomplished  by  individual  interest 
and  sympathy. 

CENTRAL  EMERGENCY  COMBOTTBE 
Chairman,  Mrs.  H.  N.  Spicbe 

This  committee  reports  as  follows,  on  work  done  since  the  last  report, 
handed  in  on  June  5,  191S: 

Owing  to  the  absence  of  a  number  of  the  members  of  the  Emergency 
Committee  during  the  summer,  it  was  not  possible  to  carry  out  any  great 
amount  of  work.  With  the  idea  of  renewing  activities,  a  meeting  was 
called  for  Sept.  14,  but  only  three  members  were  able  to  attend,  bo  it 
has  not  yet  been  possible  to  formulate  any  definite  policies. 

We  regret  to  report  that  at  this  meeting  we  received  the  resignation 
of  our  secretary.  Miss  Olga  Ihlseng,  who  is  taking  up  work  in  Washington. 
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Since  Ju.ie,  the  following  knitted  garments  have  been  handed  in  and 
are  now  packed  and  ready  for  delivery  to  the  27th  Regiment:  136  pair 
of  9ocks,  1  khaki  helmet,  1  khiiki  vest,  1  muffler,  9  sweaters. 

The  Emergeacy  Committee  has  to  thank  the  Denver  Section  of 
the  W.  A.  A.  I,  M.  E.  for  ita  contribution  of  23  pair  of  socks,  2  sweaters, 
and  1  khaki  vest,  which  are  included  in  the  above.  The  Columbia 
Section  is  also  forwarding  socks  for  our  27th  Kegiment. 

At  the  present  time,  the  Emergency  Committee  has  the  following 
wool  on  hand  for  distribution:  220  lb.  of  gray  sock  wool,  10  lb.  of  khaki 
sweater  wool.  The  wool  is  weighed  and  issued  to  members  of  the  W.  A.  A. 
I.  M.  E.  on  application.  They  must  return  the  same  weight  of  wool  in 
knitted  garments. 

CENTRAL    FOB£IGN    WAR   RELIEF    COUHITTEE 

Chairman,  Mhs.  H.  H.  Knox 

The  report  of  the  chairman  of  the  committee,  for  work  since  the  last 
report  (May  31),  to  the  Director  of  the  New  York  Section,  is  as  follows: 

Through  the  addresses  and  pleas  of  Mrs.  Pauline  Sands  Lee,  the  sum 
of  S411S  has  been  contributed  for  the  maintenance  of  a  dispensary  in 
France  for  women  and  children  under  the  auspices  of  the  American  Fund 
for  French  Wounded.  Of  this  sum,  S3000  has  been  remitted  for  the 
support  of  the  dispensary  during  the  ensuing  year,  while  the  balance 
remains  on  hand  to  be  applied  to  the  following  year.  This  dispensary 
will  bear  the  name  of  the  New  York  Section,  and  it  is  earnestly  hoped 
that  the  members  of  the  Section  will  contribute  hospital  supplies,  which 
include  garments  for  women  and  children,  to  be  forwarded  through  the 
American  Fund  for  French  Wounded. 

It  is  gratifying  to  record  that  the  President  of  the  Auxiliary,  Mrs. 
R.  C.  Gemmel,  of  Salt  Lake  City,  has  expressed  sympathy  with  the  pur- 
pose of  this  committee  and  has  declared  her  intention  of  proposing  its 
adoption  by  the  other  sections,  thereby  working  toward  that  unity  of 
puipose  which  makes  for  effectiveness. 

COLUMBIA  SECTION 

From  the  Chairman  of  the  Columbia  Section,  we  receive,  as  always, 
most  interesting  reports  of  the  work  of  the  various  branches  and  mem- 
bers in  her  section.  We  could  wish  that  all  directors  would  send  in  similaj- 
reports,  for  it  is  stimulating  to  read  "One  of  our  members  'ranches'  two 
days  per  week,  cans  and  preserves  two  days,  then  catches  up  with  her 
housekeeping  and  if  possible  knits  a  bit;"  and,  "our  ladies  are  knitting 

socks  even  during  the  excessive  heat one  of  our  members,  with 

several  friends,  heard  of  some  cherries  going  to  waste  because  there  were 
no  pickers,  visited  this  place,  picked  100  lb.  of  fruit  to  take  to  the  Spokane 
■  Children's  Home.  They  were  so  thankful  for  them,  as  in  the  stress  of 
giving  to  the  war  sufferers  we  forget  our  own  dependent  children." 
"  A  few  weeks  ago,  our  AuxiUary  took  the  rest  of  our  store  of  fruits,  vege- 
tables and  jams  to  this  same  Children's  Home — 88  quarts  of  fruit  and 
35  glasses  of  jelly  (some  of  the  jellies  were  in  quart  jars).  The  Benevo- 
lent Society  assures  us  it  was  a  splendid  treat  to  the  Uttle  ones.  Mrs. 
Linney  and  I  noted  that  the  shelves  at  the  Home  were  quite  bare  and  the 
contribution  was  of  help  to  them." 

It  is  most  stimulating  and  encouraging  to  read  how  in  Moscow,  Idaho, 
and  Silverton,  B.  C,  where  there  are  only  single  members,  these  ladies 
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are  working  assiduously  in  the  Red  Cross  and  at  War  Gardens,  and  how 
at  Cornucopia,  Oregon,  witb  a  population  of  250  and  a  payroll  of  160 
men,  over  S300U  was  raised  for  the  Red  Cross  and  $800  for  the  Y.  M.  C.  A. 
This  last,  of  course,  was  not  the  work  of  the  Auxiliary,  but  oae  wonders 
whether  if  the  ladies  of  one  section,  or  of  two  or  three  sections,  combined, 
they  might  not  be  able  to  raise  funds  for  the  establishment  of  more  dis- 
pensaries for  women  and  children  in  France,  to  bear  the  names  of  their 
respective  sections.  The  New  York  Section  has  led  the  way,  will  not 
others  join?  Possibly  this  epidemic  of  Spanish  influenza  in  the  Eastern 
States,  where  it  has  been  impossible  to  get  doctors  and  nurses  for  the 
sick,  may  bring  home  to  us  the  desperate  need  of  France,  where  civilians 
cannot  obtain  the  help  of  a  doctor,  and  children,  the  children  needed  to 
rebuild  that  glorious  country,  are  dying  every  day  for  lack  of  ordinary 
medical  and  surreal  treatment.  May  I  quote  the  instance  of  a  lady, 
the  news  of  whose  death  in  France  reached  me  a  few  days  ago?  The  skill 
of  a  physician  might  have  saved  her  life,  but  for  four  days  it  was  impos- 
sible to  find  in  the  district  one  who  could  attend  civiUan  patients.  When 
at  last  one  was  able  to  come,  it  was  too  late, 

A.  F.  Jennings  (Mrs.  Sidnbt  J.),  Secretary. 


DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4tb  Regiment, 
U.  8.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on  the 
battlefield  in  1915. 

Ballamy,  John  H.,  Ci^t.,  103d  Engineers,  killed  in  action  near  Fismes, 
Aug.  9,  1918. 

Buii,  Andrew,  died  in  active  service,  1916. 

Cobeldlck,  William  Morl^,  Royal  Engineers,  died  from  gas  poisoning 
on  October  7,  1915. , 

Dougall,  Ralph,  4th  tJniversity  Co.,  Princess  Patricia  Regiment, 
killed  in  action  early  in  the  war. 

Evans,  Alfred  Winter,  Lieut.-Col.,  New  Zealand  Rifle  Brigade,  D. 
S.  0.,  D.  C.  M.,  kiUed  in  action  on  October  12,  1917. 

Gorman,  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918. 

Hague,  William,  Ist  Lieut.,  Engineer  Officers'  Reserve  Corps,  died  in 
active  service,  Jan.  1,  1918. 

Hall,  William  T.,  C^t.,  Royal  Flying  Corps,  killed  in  action.  May 
19,  1917. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  died  from  accident  at 
Fort  Sill,  Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active  service  in  France. 

Perry,  Edward  H.,  Ist  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary  Forces,  France,  killed  in  action  on  March  30,  1918. 

Pretyman,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.^  Royal  Engineers,  B.  E.  F.,  232d  Army  Troops 
Co.,  killed  in  action. 
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Ringluad,  Sco'en,  Medical  DepartmeDt,  Fort  Logan,  Colo.,  died  sud- 
denly in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  England  on  May  25,  1918. 


IN  MEMORIAM 
CAPTAIN  JOHN  H.  BALLAHY 

John  H.  Ballamy,  Captain  on  the  Regimental  Staff  of  the  103d 
Engineers,  waa  killed  near  Fismes,  on  August  9,  1918. 

Captain  Ballamy  was  bom  at  Plymouth,  Pa.,  in  1886  and  graduated 
from  the  High  School  of  that 
town  in  1903.  In  the  follow- 
ing year  he  began  work  as  a 
coal  miner,  and  at  the  same 
time  began  the  study  of  min- 
ing engineering  in  the  evening 
and  any  other  spare  time.  He 
continued  this  diligent  and 
energetic  practice  for  many 
years.  For  sixteen  years  he 
continued  in  the  employment 
of  the  Delaware,  Lackawanna 
&  Western  Kailroad  Com- 
pany's coal  mining  depart- 
ment, first  as  a  practical 
miner,  next  aa  rodman  on  the 
survey  corps,  of  which  he  soon 
became  chief,  then  draftsman 
and  mining  engineer  in  the 
company's  otEce.  In  January, 
1916,  he  was  promoted  to  the 
position  of  district  engineer 
in  charge  of  mining  engineer- 
work.      He    became 


Captain  John  H.  Ballamy.  member  of  this   Institute  in 

September,  1917. 
Captain  Ballamy's  military  experience  began  at  the  same  time  as 
his  engineering  practice.  He  was  a  charter  member  of  Company  A, 
Engineers,  N.  G.  P.,  which  was  organized  ten  years  ago.  He  saw  service 
on  the  Mexican  border  as  First  Lieutenant  of  this  Company,  and  re- 
mained in  that  position  until  November,  1916.  In  July,  1917,  he  was 
again  called  into  sijrvice  and  was  sent  to  Camp  Hancock,  Ga.,  with  the 
103d  Regiment  of  Engineers.  Before  joining  this  regiment  he  attended 
a  school  for  officers  at  Fort  Sill,  Okla.,  where  he  received  special  training 
in  field  fortifications.  In  December,  1917,  he  was  commissioned  Topo- 
graphical Captain  on  the  Regimental  Staff,  and  in  April,  1918,  preceded 
his  regiment  by  about  six  weeks  to  France,  where  he  again  attended  an 
officers'  training  school.  He  rejoined  his  regiment  on  July  15,  near 
Chateau  Thierry  and  was  killed  near  Fismes  on  August  9,  1918. 
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LIEnTENANT  THOMAS  CLABBHCE  GORMAN 

Since  the  publication  of  the  brief  biographical  notice  of  Lieut.  Gorman 
in   the   October  Bulletin,  we 
have  received  the  following  ad- 
ditional information  from  his 
mother,  in  Los  Angeles,  Cal, 

After  graduating  from 
McGill  University  in  1913, 
Mr.  Gorman  spent  several 
months  in  a  tour  of  Europe. 
On  returning  to  Canada,  he 
was  engaged  successively  by 
the  Dome  Mining  Co.,  at 
South  Porcupine,  and  at  the 
Creighton  mine,  Ontario, 
where  he  was  employed  at  the 
time  of  enlisting  for  service. 
He  went  to  France  in  March, 
1916,  and  was  connected  with 
the  2d  Canadian  Tunnelling 
Company. 

He  was  killed  by  a  burst- 
ing shell  on  March  18,  1918. 

A  letter  written  by  Major 
Ritchie,   commanding  the  2d 

Tunnelling    Company,   to  l,ei,™»ant  T.  Ci,a,™o.  Goh«a». 

Liieut.  Gorman  s  mother,  con- 
tains the  following  words. 

Tommy  was  killed  at  our  headquartera  bya  nine-inch  shell  which  Btruck  the 
officers'  quarters.  The  Hun  had  been  shelUng  a  small  village  close  to  the  camp  with 
a  long-raage  euii  and  a  shot  fell  into  our  camp.  Tom  waa  killed  instantly  by  the 
concussion.  He  vrsm  buried  this  morning  with  Military  Honours  in  the  military 
cemetery  close  to  our  camp.  Tommy  was  an  efficient  officer  and  a  good  soldier  and 
his  toss  is  very  keenly  felt  Dy  the  officers  and  men  of  this  unit. 


NEWS  FROM  MEMBERS  IN  SERVICE 

Lieut.  Louis  J.  Brunei,  now  in  France,  was  commissioned  on  July 
27,  1917,  as  Second  Lieutenant  in  the  Engineers  Reserve  Corps,  assigned 
to  the  7th  U.  S.  Engineers,  Dec.  10,  1917,  and  has  been  with  the  American 
E.  F.  since  Mar.  26,  1918.  He  was  assigned  to  the  staff  of  the  General 
commanding  the  5th  Field  Artillery  Brigade,  as  Engineer  Officer,  on 
Aug.  6,  1918. 

E.  Ross  Housholder  writes  that  "the  record  for  pontoon  bridge 
building  was  broken  Sept.  25,  1918,  by  Section  A,  Co.  4,  5th  Engineer 
Officers'  Training  School,  at  Camp  Humphreys,  Va.,  of  which  I  am  a 
member.  The  time  was  15  min.  11%  seconds.  We  then  proceeded  to 
break  the  record  for  dismantling  in  9  min.  573-^  seconds.  The  length 
of  the  bridge  section  was  200  ft.  The  post  band  was  sent  out  to  meet 
us,  and  we  feel  proud  of  this  record.     I  have  met  quite  a  few  A.  I.  M.  E. 
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men  in  camp  here.  F.  H.  Geib,  a  junior  member  of  the  Institute,  is  in 
Co.  2,  E.  O.  T.  S.,  and  has  been  recommended  for  a  coimniBSion." 

Charles  J.  Millard,  Capt.,  12th  Engre.,  A.  E.r.,  writes  us  an  interesting 
letter  from  the  front  in  which  he  says  "I  hope  this  war  won't  last  long; 
but  cannot  very  well  see  the  end  for  at  least  three  years  more.  July  10th 
of  this  year  makes  one  year  in  active  service,  July  28th  saw  the  completion 
of  one  year's  service  in  France. 

"We  have  been  bu^  ever  since  arriving  last  year.  Our  first  work, 
as  you  know,  was  with  the  British.  We  afi  wish  we  could  be  with  the 
British  now  to  advance  over  the  country  that  witnessed  our  retreat  in 
March.  At  that  time  Hell  sort  of  broke  loose,  but  before  this  war  is 
over  the  confines  of  that  particular  kingdom  are  going  to  be  very  definitely 
defined.    The  United  States  will  well  be  proud  to  have  saved  the  day. 

"You  have  heard  how  the  'Ladies  of  Hell'  and  the  Australians  and 
Canadians  fight?  You  should  hear  how  many  of  our  boys  can  outshine 
them  (and  that  is  going  some)." 

W.  Clifford  Rehfuss,  Ensign,  U.  S.  N.  R.  F.,  says  "On  Nov.  1, 1917, 
I  left  Philadelphia  as  a  Second  Lieutenant  in  the  Russian  Railway  Serv- 
ice Corps  which  was  sent  to  Russia  at  that  time  to  improve  conditions 
on  the  Trans-Siberian  Railway,  Owing  to  the  great  upheaval  that  was 
passing  through  Russia  at  the  time  we  arrived  in  Vladivostock,  we  were 
ordered  to  Japan  to  await  ordera,  and  remained  there  for  three  months. 
About  the  beginning  of  April,  orders  came  to  proceed  home,  and,  after 
some  delay  due  to  the  great  difficulty  in  obtaining  transportation,  we 
arrived  in  Philadelphia  about  the  10th  of  May.  Shortly  afterward  the 
contingent  was  disbanded  and  I  was  transferred  to  the  Naval  Reserve 
Force  with  a  commission  as  Ensign,  being  enrolled  under  the  class  of  tech- 
nicists.  On  receiving  my  orders,  I  proceeded  to  the  Naval  Proving 
Grounds  at  Indian  Head,  where  I  am  still  stationed." 

Ca^t  A.  H.  Ryder  is  at  present  with  the  Egyptian  Expeditionary 
Force  m  Arabia.  He  regrets  to  say  that  he  does  not  come  much  in  contact 
with  mining  men,  but  wishes  he  did.  Capt.  Ryder  has  been  in  Arabia 
since  January,  1917,  and  expects  to  get  leave  to  England  very  soon. 

E.  A.  Sndth  was  Captain  with  the  Royal  Engineers  during  the  period 
of  1915-16  when  an  attack  of  the  Turkish  forces  on  Egypt  was  expected. 
On  their  retreat,  he  applied  to  return  to  liis  work  as  General  Manager  of 
the  Sinai  Mining  Co.  Although  he  is  not,  therefore,  directly  working 
for  the  Government,  the  product  of  the  mines — manganiferous  ore — is 
urgently  needed  for  munition  purposes. 

Capt.  Hugh  M,  Steven  writes  from  France: 

"I  am  located  with  the  7th  BattaUon  Canadian  Engineers,  France. 
Most  of  the  mining  engineers  of  Canada  were  with  one  of  the  three  Canadian 
tunnelling  companies,  but  in  July  of  this  year  they  were  broken  up  and 
amalgamated  with  other  engineering  units,  to  form  engineering  battahons, 
one  being  allotted  to  each  of  the  12  active  Canadian  Brigades.  The  days 
of  old  front  line  offensive  and  defensive  mining  are  for  the  present  at  an 
end,  and  the  hkelihood  of  their  resurrection  is  small  with  the  Allies  con- 
stantly on  the  advance.  We  are  being  used  on  demohtion  work,  re- 
connaissance of  captured  enemy  underground  dugout  systems,  construc- 
tion of  roads  and  bridges,  and  general  engineering  work  of  that  nature. 

"I  left  the  Hollinger  Consolidated  in  the  early  Spring  of  1916  and 
arrived  at  the  Ypres  salient  on  July  15,  being  posted  to  the  1st  Canadian 


ifl  by  Google 


Amebican  Institute  of  Mining  Engineers  xix 

TuuQellmg  Company,  with  Which  unit  I  remained  until  this  recent 
reorganiiation  of  forces  came  into  effect." 

Major  J.  W.  Teale  joined  the  Forces  in  October,  1914.  In  May, 
1915,  he  was  sent  to  Gallipoli,  having  been  promoted  to  the  rank  of 
Major  before  Ms  departure.  His  regiment  was  the  Royal  jNaval 
Divisional  Engineers.  Major  Teale  remained  in  Gallipoli  until  the  evacua- 
tion at  the  beginning  of  1916,  and  for  his  services  there,  and  particu- 
larly those  at  the  time  of  the  evacuation  in  the  destroying  of  stores, 
etc.,  and  the  construction  of  embarkation  piers,  he  was  awarded  the 
D.  S.  0.  TV  hile  in  Gallipoli,  Major  Teale  was  made  Bombing  Officer  to 
the  8th  Army  Corps;  the  bombing  operations  of  this  Corps  are  particu- 
larly mentioned  in  a  despatch  of  General  Monro's. 

Major  Teale  returned  to  England  in  March,  1916;  since  then,  hehas 
been  transferred  to  the  Royal  Engineers  and  made  D.  0.  R.  E.  at  an  Eng- 
lish camp,  where  there  were  also  German  prisoners. 


ADDITIONAL  LIST  OF  MEMBERS  OF  THE  INSTITUTE 
IN  MILITARY  SERVICE 

(The  following  list  oont&ius  the  names  of  those  members  of  the  ^titute  of  whoae 
connection  with  military  Bervioe  we  have  only  recently  become  acquainted;  it  aho 
includes  the  names  of  a  few  who  have  recently  been  promoted  or  trantfened,  indicated 
by  a  *.  A  complete  list  was  published  in  the  Year  Book,  issued  as  a  supplonent  c^ 
the  Bulletin  for  Much,  19180 

Allen,  Rot  H.,  Capt.,  Air  Service,  Bureau  of  Aircraft  Production, 
Washington,  D.  C. 

•AMinoN,  CLAunB  E.,  Chemical  Warfare  Section,  Astoria,  L.  I, 
•Akchbald,  Hugh,  311th  Infantry,  78th  Division,  American  E.  F. 
AsKiN,  Thomas  B.  H.,  Radio  Station,  Cavite,  P.  I. 
•Atbh,  Frank  A.,  Lieut.,  Commanding  Officer,  270th  Aero  Squadron, 
American  E.  F. 

Barba,  W.  p.,  Lieut.  Colonel,  Ordnance,  t.  S.  A.,  Washington,  D.  C. 
•Barrett,  Leslie  P.,  lat  Lieut.,  5th  Field  Artillery,  America  E.  F. 
Blickensderfer,  F.  C,  1st  Lieut.,  N.  A,,  Ordnance  Dept.,  Edgewood 
Arsenal,  Edgewood,  Md. 

•Brooks,  Floyd  R.,  Lieut.,  Canadian  Engineers,  Seaford,  England. 
Brown,  George  M.,  Co.  G,  1st  Replacement  Regiment,  Washington 
Barracks,  D.  C. 

•Brunbl,  Louis  J.,  Lieut.,  5th  Field  Artillery,  Brigade  Headquarters, 
American  E.  F. 

•Brunton,  D,  W.,  Cons.  Engr.,  Naval  Consulting  Board,  Washington, 
D.C. 

Bull,  R.  A.,  Capt.,  Ordnance  Reserve  Corps,  Rock  Island  Arsenal,  111. 
Callaway,  F.  W.,  Corp.,  Miners  &  Sappers  School,  U.  S.  M.  C, 
Quantico,  Va. 

Carlisle,  Stanley  B.,  Co.  A,  346  M.  G.  Bn.  A.  P.  0.  776,  American 
E.  F. 

Carson,  Joseph  A.,  Capt.,  A.  S.,  S.  R.  C. 

•Chapman,  Lewis  C,  29th  Engineers,  A.  P.  0.  714,  American  E.  F., 
France. 

•Chase,  J.  L.,  Cadet  No.  2011205,  Canadian  Engineers  Training 
Depot,  St.  Johns,  P.  Q.,  Canada. 

Chatin,  August  H.,  472d  Engineers,  U.  S.  A.,  Wadiii^ton,  D.  C. 
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•CouLDEET,  p.  S.,  313134  W.  R.  No.  6  Works  Co.,  SaJtpans  near 
Sandwich,  Kent,  England. 

Craoin,  Rodney  S.,  Ck).  E,  115th  Engineers,  Camp  Keamy,  Cal. 

Crowdus,  John  Williau,  Ist  Lieut.,  Engineera  Corps,  V.  8.  A. 

Dale,  Ralph,  Lieut.,  Co.  E,  114th  Engineers,  American  E.  F. 

Dennis,  Paul  J.,  115th  Engineers,  Camp  Kearny,  Cal. 

Dove,  D.  R.,  Candidate,  2l8t  Training  Battery,  F.  A.  C.  0.  T.  6, 
Camp  Zachary  Taylor,  Ky. 

Dunbar,  D.  M.,  Co.  20,  5th  Battery,  163d  Depot  Brigade,  Camp 
Dodge,  la. 

EuLicH,  A.  v.,  Pvt.,  Co.  H.,  2d  Engineers  Training  Regiment,  Camp 
Humphreys,  Va. 

Fessendbn,  John  H.,  Jr.,  Electrician  2d  Class  (Radio),  U.  S.  N.  R.  F. 

Fbith,  Charles  William,  3d  Co.,  Coast  Artillery  Corps,  San  Pedro, 
Cal. 

•Gahhisok,  Murray  E.,  Flying  Cadet,  Squadron  No  1,  Camp  Dick, 
Dallas   Tex 

Geib,  Francis  H.,  Co.  2,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

GooowiN,  Edward  H.,  Aviation  Corps,  Barracks  No.  1,  Champaign, 
111. 

•Gohblanoton,  C,  Capt.,  Co.  4,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

GoTSCH,  Oscar,  Je,,  Chief  Machinist's  Mate,  U.  S.  Navy  Steam  Engi- 
neering School,  Stevens  Institute,  Hoboken,  N.J. 

*Green,  Waldron  a.,  2d  Lieut.,  Co.  D,  27th  Engineers,  American 
E.  F. 

Gbenpell,  Donald  S.,  121  Ambulance  Co.,  f06th  Sanitary  Train, 
Camp  Wheeler,  Ga. 

Grioqs,  C.  C,  Major,  Ordnance  Depti,  U.  S.  A. 

Hampton,  WilluM  H.,  Gas  Defense  Div.,  Chemical  Warfare  Service, 
U.  S.  A.,  Long  Island  City,  N.  Y. 

*Harmb,  P.  L.,   Major,  19th  U.  S.   Infantry,  18th  Division,  Camp 
Travis,  Tex. 

*HousHOLDER,  E.  Ross,  C6.  4,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

HuTCHiNs,  R.  Grosvenor,  Jr.,  Head,  Bureau  of  Home  &  Hospital 
Service,  American  Red  Cross,  France. 

•Irwin,  J.  S.,  2d  Lieut.,  Infantry,  U.  S.  A.,  Camp  Perry,  O. 

Jones,  Wendell  T.,  Co.  D,  316th  Engineers,  American  E.  F.,  France. 

Kroeger,  a.  C,  Co.  1-b,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Laroqub,  F.,  Cadet,  Royal  Air  Force. 

Levy,  Milton  M.,  let  Lieut.,  Co.  8,  C.  A.  C,  Fort  Rosecrans,  Cal. 

Liverhore,    Robert,    2d    Co.,    Engr.    Officers'    Training    School, 
Camp  Humphreys,  Va. 
*Lobrpabbl,  W.  Haeeison,  Co.  5,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

LuNT,  Horace  E.,  Capt.,  Engineer  Officers'  Training  Camp,  Camp 
Humphreys,  Va. 

Lyon,  George  J.,  Capt.,  Engineers,  Construction  Division  of  the 
Quartermaster  Warehouse,  Schenectady,  N.  Y. 

McCloskey,  Downs,  Lieut.,    2d    Regiment,    Ist    Brigade,    Camp 
Jackson,  S.  C. 

McCroeken,  Eugene  P.,  II.  S.  Navy. 

Mackey,  R.  W.,  1st  Lieut.,  Engineers,  U.  S.  A. 

MacNichol,  a.  W.,  Ensign,  U.  S.  N.,  U.  S.  S.  Pastores,  care   Post- 
master, N.  Y. 
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Marsh,  A,  G.,  Corp.,  Co.  C,  18th  Railway  Engineers,  American  E.  F., 
France. 

Martin,  Curtis  F.,  Co.  B,  27tli  Engineers,  American  E.  F. 
•Means,  A.  H.,  2d  Lieut.,  F.  A.,  N.  A.,  314th  Field  Artmery,'55th 
Art.  Brigade,  American  E.  F. 

•Meohaw,  H.  a,,  Bureau  of  Aircraft  Production,  Washington,  D.  C. 
Mbissneh,  C.  E.,  27th  Engineers,  ^t.,  Co.  B. 

♦Miller,  W.  B.,  2d  Lieut.,  Co.  B,  Ist  Gas  Regiment,  A.  P.  O.  706, 
American  E.  F.,  France. 

•Moga,  John  A.,  Student,  Officers'  Training  School,  Fort  Monroe,  Va. 
•Murray,  Malgolu  S.,  Co,  C,  98th  Engineers,  Camp  Leach,  D,  C. 
NiGHHAN,  C.  E.,  Ist  Lieut.,  Air  Service  (Aircraft  Production). 
Palmer,  W.  F.,  Co.  D,  Ist  Replacement  Regiment,  Washington  Bar- 
racks, D.  C. 

Reed,  A.  Scott,  Lieut.,  Seaforth  Highlanders,  Attached  1st  Garrison 
Battalion,  The  Royal  Scots,  Egyptian  E.  F. 

•Reed,  William,  Lieut.,  H.  Q.  Special  Co.,  R.  E.,  Second  Army. 
Military  Cross,  June,  1918. 

•Rkhfubs,    W.  Clifford,  Ensign,  U.  S.  N.  R.  F.,  Naval  Proving 
Ground,  Indian  Head,  Md. 

•RoDEGERDTS,  C.A.,  Ensign,  U.  S,  Navy  Aviation. 
Roger,  Eugene,  French  Army. 
•Ryder,  Alfred  H.,  Capt.,  Royal  Engineers,  Egyptian  E.  F. 
•ScHiNDLER,  Donald  F.,  Co.  5,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 
Schmidt,    Robert  Droeoe,  Lieut.,   324  F.  A.  H.,  American  E.  F., 
France. 

Sears,  Stanley  C,  Capt.,  Engineers,  U.  S.  Army,  Camp  Humphreys, 
Va. 

•Skayes,  F.  p.,  Lieut.,  Aviation  Section,  American  E.  F. 
Steinbm,  Chester,  2d  Lieut.,  Heavy  Coast  Artillery,  Fort  Monroe, 
Va. 

Stephenson,  Grant  T.,  Senior  Lieut.,  U.  S.  N.  R.  F. 
•Stuart,  C.  E.,  Capt.,  Staff  College,  American  E.  F. 
•Sullivan,  Clarke,  Capt.,  Co.  A,  209th  Engineers,  Camp  Sheridan, 
Ala. 

Teas,  Pjbrson,  2d  Lieut.,  0.  M.  C.  S.,  Camp  Raritan,  Metuchen, 
N.J. 

Thompson,  Edward  C,  Capt.,  Chemical  Warfare  Section,  Edgewood 
Arsenal,  Edgewood,  Md. ' 

Thompson,  Lester  S.,  Co.  C,  29th  Engineers,  American  E.  F. 
•Waitb,  Allan  G.,  1st  Lieut.,  Air  Service,  Military  Aeronautics, 
U.  8. A. 

•Ward,  A.  T.,  6th  Prov.  Co.,  Casual  Detachment,  Camp  Wadsworth, 
8.  C. 

•Williams,  Charles  F.,  2d  Lieut.,  Co.  D,  30th  Gas  Regiment, 
American  E.  F. 

•Williams,  Ralph  0.,  2d  Lieut.,  Co.  I,  319th  Infantry,  A.  P.  O.  756, 
American  E.  F. 

Wilson,  Harry  R.,  32d  Training  Battery,  F.  A.  C.  0.  T.  S.,  Camp 
Taylor,  Ky. 

•Witt,  Herbert  N.,  U.  S.  N.  R.  F.,  Officers'  Material  School,  Mare 
Island,  Cal. 

•Wolvebton,  F.  M.,  Acting  Corporal. 
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£NGm£ERING  COUTICIL 

REORGANIZING  AMERICAN  ENGINEERS 

There  are  in  America  approximately  500  engineers'  organizations 
of  various  kinds,  and  yet  it  is  estimated  in  many  communities  that  30 
to  50  per  cent,  of  the  resident  engineers  are  not  members  of  any  society 
of  engineers.  There  is  mo  enumeration  of  the  engineers  of  the  country, 
but  estimates  range  from  100,000  to  300,000,  the  latter  number  probably 
including  assistants,  such  as  instrumentmen,  draftsmen  and  inspectors, 
together  with  professional  engineers.  These  local,  state,  regional  and 
national  organizations  are  for  the  most  part  independent  and  have  no 
means  for  cooperation. 

Steps  toward  the  improvement  of  these  conditions  are  being  taken 
in  a  number  of  localities  and  have  already  been  taken  in  others.  Many 
engineers  are  giving  the  matter  serious  attention.  American  Society 
of  Civil  Engineers  took  an  important  action  at  the  June  meeting  of  its 
Board  of  Direction,  by  authorizing  the  creation  of  a  Committee  on  De- 
velopment of  Am.  Soc.  C.  E.  This  action  is  now  well  known  to  all 
representatives  on  Engineering  Council.  Other  Founder  Societies  are 
reported  to  be  considering  similar  action. 

Engineering  Foundation,  at  its  meeting  on  Sept.  12,  adopted  the 
following  resolutions: 

Swvty  of  Ermijieermg  Organitationa 

BE  IT  RESOLVED:  that  the  Engineering  Foundation  is  prepared,  the  four 
Founder  Societies  concurring,  to  devote  ita  strength  and  its  income,  so  far  as  this 
may  be  required,  to  a  study  of  existing  engineering  organisations,  and  from  informa- 
tion thus  developed  to  fonau]at«  a  series  of  constructive  recommendatioDS  which 
may  be  serviceable  in  guiding  the  further  development  of  local  and  national  engineer- 
ing orsanizations  in  their  relations  to  the  profeBsion  of  engineering,  to  the  pubuc  and 
to  eacn  other,  to  the  end  that  a  foundation  may  be  laid  upon  which  to  establish  a 
broadly  planned  procedure,  which,  while  recognizing  and  preserving  all  that  has 
already  been  accomplished,  shall  increase  the  power  of  American  engineers  in  upbuild- 
ing their  profession  and  in  the  service  they  render  to  society;  and 

RI^OLVED:  that  in  accepting  the  responsibility  for  such  an  undertaking,  it 
will  be  the  purpose  of  the  En^meenng  Foundation  to  organize  the  proposed  research 
along  the  broadest  possible  hnes,  to  call  to  its  aid  highly  qualifi^  experts,  and  to 
avail  itself  of  the  help  of  agencies  which  may  be  willing  to  codperate;  and 

RESOLVED:  that  in  proposing  this  research  the  Engineering  Foundation  has  no 
desire  or  purpose  to  intrude  upon  the  domain  of  individual  organizations;  that  it 
does  not  propose  to  control  the  action  of  any  individual  or  organiiation ;  nor  to  ask 
the  acceptance  of  its  conclusionef  but  that  its  purpose  shall  be  to  develop  a  possible 
procedure,  or  a  series  of  such  procedures,  of  such  evident  merit  that  they  will  appeal 
to  those  who  are  hkely  to  be  most  interested ;  it  will  do  this  in  the  belief  that  in  so  far 
as  its  work  may  justify  the  confidence  of  engineers  and  of  engineering  organizations, 
it  will  bear  its  own  fruitage. 

What  will  Engineering  Council  do?  Many  engineers  throughout 
the  country  are  looking  to  it  for  leadership.  Others  frankly  say  that 
no  large  help  can  come  from  the  Council  because  of  the  way  it  is  organized 
and  the  restriction  on  its  membership  which  excludes  all  but  national 
societies;  provisions  must  be  made  for  direct  connection  with  the  im- 
portant local  groups  of  engineers.  The  questions  raised  are:  Can 
Engineering  Council  meet  the  needs  for  cooperation  now  felt  among 
American  Engineers?  Will  Engineering  Council  do  something  now? 
The  solution  of  the  problem  of  more  effective  organization  of  engineers 
will  be  worked  out.  Will  Engineering  Council  be  a  leader  in  progress 
toward  the  goal,  cooperating  with  other  agencies? 
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WAR  COHMITTBB  OF  TBCHinCAL  SOCIBTIBS 

The  following  written  report  waa  presented  at  a  stated  meeting  of 
Engineering  Council,  on  Sept.  19,  1918. 

Soon  after  our  last  report  to  the  Council  the  necessity  for  a  closer 
contact  with  the  different  branches  of  the  Army  and  Navy  became  so 
apparent  that  the  Chairman  of  the  Committee  has  spent  most  of  his 
time  in  Washington  on  this  work.  As  all  problems  relating  to  war 
inventions  are  issued  from  the  War  Department  in  Washington,  and  as 
solutions  of  problems,  as  well  as  ideas,  suggestions  and  inventions  must 
be  presented  |there  for  consideration  and  acceptance,  it  ia  manifest  that 
our  Committee,  in  order  to  receive  ready  consideration,  must  be  on  the 
spot,  which,  of  course,  means  a  Washington  office. 

Recently  the  Inventions  Section  of  the  General  Staff,  in  recognition 
of  the  work  which  the  War  Committee  is  carrying  on,  offered,  if  the  War 
Committee  would  open  an  office  in  Washington,  to  appoint  a  Liaison 
Officer  who  would  have  special  charge  of  the  work  and  the  relations 
between  the  Committee  and  the  Army.  After  consultation  with  the 
different  members  of  the  Committee,  this  most  advantageous  offer  was 
accepted,  and  at  the  last  meeting  of  the  War  Committee  the  following 
resolution  waa  unanimously  adopted. 

RESOLVED:  that  while  continuing  an  office  of  the  War  Committee  in  New  York, 
an  office  Bhall  also  be  establiahed  in  Washington,  and  the  Secretary  is  authorized  to 
move  to  Washington  such  furniture  as  can  be  spared  from  the  New  York  office. 
This  action  is  subject  to  the  approval  of  the  Engineering  Council,  who  &re  to  be  given 
a  full  explanation  of  the  reasons  for  it. 

The  Naval  Consulting  Board  has  recently  established  offices 
in  Washington  and  has  arranged  to  share  them  with  the  War  Committee, 
without  expense  for  rental,  heat,  light  and  telephone. 

The  General  Staff  has  appointed  one  of  its  officers.  Captain  Lloyd 
M.  Scott,  a  mining  engineer  by  profession,  to  the  War  Committee  as 
Liaison  Officer,  and  the  War  Committee  has  made  Captain  Scott  its 
Secretary. 

The  establishment  of  an  office  in  Washington  will  in  no  way  interfere 
with  the  operation  of  the  New  York  office,  which  will  remain  in  its  present 
quarters  in  charge  of  Edmund  B.  Kirby,  Vice-chairman,  as  it  has  been 
since  last  June.  Committee  meetings  will  be  held  in  New  York  as  before, 
the  Chairman  or  Secretary  coming  up  from  Washington  for  the  purpose. 

Due  to  rigid  economy  on  the  one  hand  and  the  generosity  of  the  Naval 
Consulting  Board  on  the  other,  the  expenses  of  the  War  Committee 
have  been  held  down  to  about  one-half  of  the  appropriation  granted  it  by 
the  Engineering  Council.  The  establishment  of  an  office  in  Washington 
will  add  but  little  to  the  present  expenses,  and  an  appropriation  of  $250 
per  month  will  be  ample  for  our  requirements.  If,  however,  some  means 
could  be  devised  whereby  the  War  Committee  had  at  its  disposal  $2500 
per  month,  its  usefulness  could  be  greatly  increased,  as  it  could  then 
put  out  its  own  bulletins,  hold  public  meetings,  and  adopt  many  other 
ways  of  bringing  the  requirements  of  the  Government  before  its  members. 
Unfortunately,  there  does  not  seem  to  be  any  middle  ground,  and  if 
we  cannot  obtain  the  larger  appropriation  we  shall  have  to  be  content 
with  the  smaller,  and  depend  on  the  assistance  of  the  Army  and  Navy 
for  bulletins,  problems,  and  general  pubUcity  work. 
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SPOKANE  ENGINEERING  AND  TECHNICAL  ASSOCIATION 

From  L,  K,  Armstrong,  Secretaiy  of  the  Columbia  Section  of  the 
Institute,  we  have  received  information  as  to  the  activities  and  plan  of 
the  Spokane  Engineering  and  Technical  Association,  which  was  recently 
organized  under  the  joint  auspices  of  the  local  sections  of  the  American 
Institute  of  Electrical  Engineers,  the  American  Society  of  Civil  Er^neers, 
and  our  own  Institute. 

The  first  meeting  was  held  on  September  20,  at  which  a  program  for 
the  following  year  was  adopted.  The  meeting  was  then  conducted 
by  the  Civil  Engineers,  the  principal  business  being  the  reading  of  a 
report  by  Mr.   Flinn,   Secretary  of  the  United    Engineering   Society. 

The  second  meeting  was  held  on  October  18,  of  which  the  Columbia 
.  Section  of  our  Institute  took  charge. 

According  to  the  program  adopted,  meetings  will  be  held  regularly  on 
the  third  Friday  of  each  month,  except  June,  July  and  August.  It  is 
understood  that  these  meetings  shall  not  interfere  with  nor  abridge 
the  independent  activity  of  the  participating  societies.  The  proposed 
work  of  the  Association  is  to  be  conducted  by  a  large  number  of  com- 
mittees, whose  attention  will  be  devoted  to  such  subjects  as  the  following: 
Municipal,  Highways,  Resources,  Manufacture  and  Industries,  Legis- 
lative, Educational,  National  and  State,  Patents  and  Inventions,  Ameri- 
canization, Safetj[  and  Rehabilitation,  Research,  Emergency.  When 
all  of  these  committees  shall  have  been  filled,  and  their  work  begun,  it 
is  expected  that  the  engineers  of  Spokane  and  vicinity  may  take  a  more 
active  part  in  things  affecting  human  welfare  in  that  vicinity. 


DELAYS  IN  PUBLICATION 

In  explanation  of  the  delay,  which  may  have  been  noted  by  members 
of  the  Institute,  which  has  affected  both  the  Bulletin  and  Volume  59 
of  the  Transaclions,  we  may  mention  that  our  printers,  in  common  with 
nearly  all  publishing  concerns  in  the  country,  have  recently  been  over- 
whelmed with  work  on  text  books  and  similar  technical  matter  required 
in  connection  with  the  education  of  the  student-army  recently  inaugu- 
rated by  the  Federal  Government.  Although  we  regret  the  delay  id 
the  issuing  of  our  periodical,  we  cannot  help  feeling  that  our  publica- 
tions are  perhaps  second  in  importance  to  the  needs  of  the  army.  It'  is 
to  be  hoped  that  the  present  excessive  demand  for  printing  of  this  sort 
will  soon  be  passed,  after  which  we  shall  resume  publication  with  more 
punctuality. 
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The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Sept.  10,  1918  to  Oct.  10, 
1918. 

Thomas  T.  Adams,  Rahway,  N.  J.  A.  H.  Hackay,  London,  Englfind. 

Henry  M.  Ami,  WaBhinKton,  D.  C.  A.  W.  MacNichoI,  Ban  Frftnciaco,  Cal. 

Chester  Atkinsoa,  Peru,  South  America.  Bm«st  Uarquardt,  Casper,  Wyo. 

.Bennett  R.  Bates,  Berkeley,  Cat.  Lieut.  S.  A.  Hewhirter,  Denver,  Colo. 

Robert  S.  Botsford,  Potrograd,  Russia.  William  A.  Nelson,  Nashville,  Tenn. 

Juan  Felix  Brandos,  Santa  Barbara,  Cal  Robert  W.  Olinger,  Bahia,  Brazil,  So. 

G.  A.  Collins,  Seattle,  Wash.  Ainer. 

C.  V.  Corless,  Coniston,  Ont.,  Canada.  G.  Prenmont,  La  Pai,  Bolivia,  So.  Amer. 

F.  T.  Eddiivfield,  Waehiagton,  D.  C.  Wllliun  H.  Rattle,  Yonkers  N.  Y. 

C.  Mason  Famham,  Baire  Plains,  Moss.  Julius  Segoll,  Minneapolis,  Minn. 

F.  N.  Flynn,  Trail,  B.  0    Canada.  Robert  Y.  Seip,  Franklin,  N.  J. 

Duncan  D.  Forbes,  Humboldt,  Aris.  H.  W.  Schleicher,  Boston,  Mass. 

Alexandre  Gouvy,  Paris,  IVance.  Chester  Stolnem,  Ft.  Monroe,  Va. 

Henry  G.  Granger,  Cartagena,  Colombia,  A.  L.  Sweetser,  PittBburf;h,  Pa. 

So.  Amer.  H,  E.  Treichler,  Creighton  Mine,  Ont., 

E.  Harms,  El  Paso,  Tex.  Canada. 

Alfred  G.  Heggem,  Tulsa,  Okla.  Frank  A.  W.  Tullock,  Yumbo,  Colombia, 

H.  B.  Henegar,  Mascot,  Tenn.  So.  Amer. 

A.  M.  Kivari,  Denver.  Colo.  Edward  L  'Wlliams,  Ft.  Monroe^  Va. 

T.  M.  Kniffln,  Brookbne,  Mass.  Alfred  W,  G.  Wilson,  Ottawa,  Canada. 
Charles. Lehman,  London,  England, 
Donald  H.  McLaughlin,  Camp  Meade, 

Md. 

C.  E.  Addams,  who  recently  resigned  as  general  manner  for  the 
Arizona  Hercules  Copper  Co.,  has  leased  the  Ray  silver-lead  property 
three  miles  from  Ray,  Ariz. 

Bennett  R.  Bates  has  resigned  his  position  as  general  superintendent 
of  the  Cubo  Mining  &  Milling  Co.,  in  order  that  he  may  take  the  ex- 
amination for  an  ofiicer  of  engineers. 

S.  H.  Brockunier,  formerly  on  the  staff  of  the  Engineering  &  Mining 
Journal,  has  accepted  the  position  of  superintendent  at  the  Chateaugay 
Ore  &  Iron  Co.,  of  Lyon  Mountain,  N.  Y. 

F.  W.  Bunyan  has  resigned  his  position  with  the  Southern  Pacific 
Railway  Co.,  and  accepted  the  position  of  assistant  chemist  with  the 
Noble  Electric  Steel  Co.,  of  Heroult,  Shasta  Co.,  Cal.,  engaged  in  the 
manufacture  and  supply  of  ferrous  alloys  for  the  Pacific  Coast. 

Captain  Maurice  Cockerell  has  succeeded  Sir  Lionel  Phillips  as 
Director  of  the  Department  for  the  Development  of  Mineral  Resources 
in  the  Ministry  of  Munitions,  England. 

William  M.  Corse,  general  manager  of  the  Titanium  Bronze  Co., 
Niagara  Falls,  N.  Y.,  has  resigned  to  become  aeeociated  with  the  Ohio 
Brass  Co.,  at  Mansfield,  Ohio.  Mr.  Corse  is  a  brass  foundryman  and 
metallui^ist  of  wide  experience.  He  was  elected  secretary-treasurer 
of  the  American  Institute  of  Metals  in  1908  and  president  in  1917.  This 
organization  now  constitutes  the  Institute  of  Metals  Division  of  the 
American  Institute  of  Mining  Engineers. 

Prof.  C.  L.  Dake,  of  the  department  of  geology  of  the  Missouri  School 
of  Mines,  has  just  returned  to  his  duties,  after  a  year's  leave  of  absence 
spent  in  consulting  work  with  the  firm  of  Valerius,  McNutt,  and  Hughes, 
Petroleum  Geologists,  of  Tulsa,  Okla. 

Digmzefl  by  Google 


xxvi  Monthly  Bulletin  No.  143,  Novbmbeb,  1918 

J.  H.  Dietz  has  accepted  a  position  with  the  American  Zinc  Products 
Co.,  of  Greencaatle,  Ind. 

Frank  T.  Eddingfleld  is  now  occupying  the  position  of  minii^  ei^jineer 
with  the  Bureau  of  MiaeSj  Washington,  D.  C, 

Claude  Ferguson  announces  that  he  has  resigned  his  position  as 
superintendent  for  the  Copper  Queen  Gold  Mining  Co.  to  accept  a  simi- 
lar position  with  the  Consolidated  Arizona  Smelting  Co.,  in  charge  of 
the  DeSoto  and  Swastika  mines.     His  new  address  is  Ocotillo,  Ariz. 

C.  A.  Filteau,  of  the  National  Mines,  Ltd.,  Cobalt,  Ont.,  has  been  ap- 
pointed manager  of  the  flotation  plant  of  the  Peterson  Lake  Silver 
Cobalt  Mining  Co.,  at  pobalt. 

John  A.  Fultoa,  of  Melones,  Cal.,  announces  the  birth  of  a  son  on 
Sept.  15,  1918. 

Robert  George  Hall,  formerly  general  manf^er  of  the  River  Smelting 
&  Refining  Co.,  of  St.  Louis,  Mo.,  is  now  resident  manager  of  the  Burma 
Mines  Limited,  Namtu,  Upper  Shan  States,  Burma. 

William  H.  Hampton  has  been  placed  in  charge  of  investigation 
and  development  of  miscellaneous  gas  defense  apparatus,  Gas  Defense 
Division  under  Major  Waldemar  Kops,  Chemical  Warfare  Service,  U.  S. 
A.,  at  Long  Island  City,  N.  Y. 

D.  Harrington,  formerly  at  the  Montana  State  School  of  Mines,  is 
now  mining  engineer  with  the  U.  S.  Bureau  of  Mines,  at  Golden,  Colo. 

O.  F.  Heizer  is  Superintendent  of  the  Sheepranch  mines,  Sheepranch, 
Cal. 

J.  C.  Houston,  formerly  assistant  manager  of  the  Dome  Mines,  Ltd., 
at  Porcupine,  Ont.,  has  been  appointed  manager  of  the  Kirkland-Por- 
phyry  gold  mine. 

A.  G.  Kirby  is  now  general  manager  of  the  Darwin  Lead  &  Silver 
Mines  &  Dev.  Corpn.,  at  Salt  Lake  City,  Utah. 

Oscar  Lachmund  has  resigned  as  general  manager  of  the  Canada 
Copper  Corporation  and  will  be  succeeded  by  Hugh  R.  Van  Wagenen,  of 
Denver,  Colo,  Mr.  Van  Wagenen  has  been  in  British  Columbia  loolui^ 
over  the  situation  and  is  to  return  to  take  up  his  new  duties  in  a  few 
weeks. 

Richard  6.  Place  has  resigned  his  position  as  chief  chemist  of  the 
Vermont  Copper  Co.,  at  South  Strafford,  Vt.,  to  accept  a  position  with 
the  Golden  Age  Mining  &  Reduction  Co.,  at  Boulder,  Colo. 

W.  J.  Priestley  has  tendered  his  resignation  as  division  superintend- 
ent of  forges,  foundries  and  machine  shops  of  the  Bethlehem  Steel  Co., 
to  take  effect  at  once. 

M,  F.  Sayre  has  been  appointed  Assistant  Professor  of  Apphed  Me- 
chanics in  Union  College,  Schenectady,  N.  Y. 

A.  G.  Suydam  has  opened  an  office  in  San  Francisco  for  consulting 
work. 

H.  £.  Treichler,  formerly  with  the  Canadian  Copper  Co.,  has  accepted 
a  position  with  the  Gulf  Sulphur  Co.,  at  Matagorda,  Tex. 

Carlos  W.  VanLaw  announces  his  resignation  as  a  Vice-president 
from  the  staff  of  the  United  States  Smelting,  Refining  A  Mining  Co. 
He  will  engage  in  a  general  consulting  practice. 
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I.  !Edniiind  Waechter  reeigned  his  position  of  chief  chemist  and 
metallurgist  with  the  Standard  Tool  Co.,  Cleveland,  on  Apr.  30,  1918. 
From  that  date  until  October  1,  be  was  melter  on  a  Heroult  electric  fur- 
nace and  chemist  for  the  Crucible  Steel  Casting  Co.,  Cleveland,  Ohio. 
He  has  now  accepted  a  position  on  the  chemical  staff  of  the  Carnegie 
Steel  Co.,  Youngstown  District,  as  chemist  and  metallurgist. 

H.  Vincent  Wallace,  consulting  mining  engineer,  has  opened  an 
.office  at  329  Central  Bldg.,  Los  Angeles,  Cal. 

A.  P.  Watt  has  recently  received  his  appointment  from  Washington 
as  consulting  mining  engineer  to  the  Bureau  of  Mises.  His  special  work 
at  present  will  be  in  reference  to  the  concentration  of  pyrite,  for  the  pro- 
duction of  sulphuric  acid. 

Bulkeley  Wells,  Governor  of  the  Colorado  chapter  of  the  American 
Mining  Congress,  has  been  elected  a  member  of  the  national  board  of 
directors  of  the  congress. 

Gordon  Wilson  is  leaving  Arizona  for  Fresnillo,  Zac,  Mexico,  to  take 
the  position  of  mill  and  cyanide  superintendent  of  the  Fresnillo  Co. 

Ernest  Leon  Swift  Wrampelmeier  has  changed  bis  name  to  Ernest 
Lee  Swift,  by  an  order  of  the  court  granting  such  change  to  him  and  rela- 
tives.    He  is  a  Life  Member  of  the  Institute. 

Ira  L.  Wright  has  opened  a  mine  engineering  office  in  Silver  City,  N.^. 


POSITIONS  VACANT 

No.  347, — A  South  African  development  company  will  shortly  re- 
quire the  services  of  a  mill  superintendent,  who  has  a  general  knowledge 
of  concentration,  particularly  of  flotation,  and  is  able  to  take  charge  of  a 
copper  concentrator  treating  15,000  tons  per  month  and  employing  200 
natives  and  a  small  number  of  white  men. 

Salary  is  £60  per  month  to  start,  and  the  company  supplies  an  un- 
furnished room  or  house,  including  free  light,  free  water  and  free  sanitary 
service,  together  with  one  native  house  servant.  A  contract  will  be  made 
for  6  months,  and  notice  of  3  months  by  either  party  will  be  required 
to  terminate  the  engagement  after  6  months.  An  allowance  of  £75 
for  traveling  expenses  will  be  paid  on  arrival  in  South  Africa  to  a  single 
man,  or  £125  to  a  man  who  brings  his  family.  Salary  begins  upon  arrival 
in  South  Africa,  and  no  allowance  will  be  made  for  return  traveling  ex- 
penses. 

No.  349. — A  Canadian  university  wishes  to  engage  a  man  to  teach 
non-ferrous  metallurgy  and  ore-dressing  as  well  as  to  direct  research 
work.  The  instruction  work  covers  7  months  but  the  research  work 
is  continued  throughout  the  year.  To  a  suitable  man  the  rank  of  pro- 
fessor will  be  granted.  Applicants  are  requested  to  state  education, 
experience,  salary  desired  and  any  other  particulars  that  might  assist 
in  selecting  a  man  for  this  position. 

No.  350.— -Wanted,  60  engineers  for  ordnance  training  school,  month's 
training.  Salary  for  first  three  months S1200to$1500.  AfterSmonths, 
up  to  12400. 
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No.  351. — A  prominent  Bolivian  tin  miner  requires  the  services  of  two 
engineers  in  Bolivia — the  one  to  act  as  assistant  to  his  present  general 
manager,  who  ^111  turn  over  to  him  the  actual  duties  of  the  mine;  the 
other  to  act  in  the  special  capacity  for  conducting  the  exploitation  work 
at  another  one  of  his  properties.  Both  properties  are  already  well 
known  and  have  the  usual  accommodations  of  such  locaUties  and  are 
within  easy  range  of  Oruro.  It  will  be  necessary  for  the  applicant  to 
have  some  knowledge  of  Spanish  and  be  sufficiently  able  to  demonstrate 
physical  ability  to  withstand  the  altitude  which  ranges  from  12,000  to 
15,000  ft.  ■ 

No.  352. — -Mining  assistant  wanted  by  concern  in  Peru,  on  important 
silver-lead  mines  at  altitude  of  16,000  ft.  Must  be  competent  asaayer 
and  with  good  experience  in  timbering  of  heavy  ground.  Apply,  stating 
experience,  age,  nationality,  salary  expected,  wiUi  copies  of  credentials. 

No.  353. — EngiUeer  desired,  preferably  young  man  who  is  exempt 
from  draft.  Recent  graduate  would  be  satisfactory,  although  experience 
of  a  year  or  two  would  be  preferred  provided  salary  requested  was  not 
too  high. 


BHGINEBRS  AVAILABLE 


No.  488. — ^Mining  engineer,  member,  technical  graduate,  married, 
age  38,  desires  position  of  superi  itendent  or  assistant  superintendent. 
Has  had  15  years'  practical  experience  as  miner,  millman,  machinist,  sur- 
veyor, engineer,  foreman,  and  superintendent  in  the  West,  Southwest, 
and  Mexico.  Speaks  Spanish.  Now  employed  as  superintendent  of 
copper  property  in  Southwest,  Can  give  the  best  of  references.  Mini- 
mum salary  1250,     Available  now. 

No.  491. — -Mining  engineer,  member,  married,  ^e  43,  desires  to 
connect  with  some  good  coal  company  as  superintendent  or  manager. 
Is  thoroughly  conversant  with  flat  and  pitching  systems  of  coal  mining. 
Has  had  23  years  experience  from  the  bottom  up;  7  years  experience  as 
superintendent  and  manager.  Good  organizer.  Has  handled  all  classes 
of  labor  and  has  always  made  good.     Available  now. 

No.  492. — Metallurgist  and  chemical  engineer,  member,  with  8 
years  executive  experience  in  research  and  technical  direction  of  all 
departments  of  non-ferrous  metallurgical  manufacturing,  is  open  for 
change  in  position.  Specialist  in  raw  materials  and  supplies,  reclamation 
of  wastes,  and  standardized  control  of  processes. 

No.  493. — ^Member,  age  37,  technical  education,  married.  Seventeen 
years'  experience  as  superintendent,  engineer,  chemist  and  assayer, 
exploration  engineer  in  United  States,  Central  and  South  America, 
Siberia  and  India.  Especially  in  iron,  manganese,  copper,  and  rare 
metals.     Desires  to  make  a  change. 

No.  494, — Elect rometallurgical  engineer,  member,  age  30,  A.  M, 
and  Ch.  E.  degrees,  thoroughly  trained  in  electrochemistry,  metallurgy 
and  electrometallui^y.  Three  years  in  charge  of  experimental  work  on 
and  operations  of  electric  furnaces.  Desires  responsible  position  in 
investigative  or  executive  work  with  commensurate  salary.^ 
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No.  495. — Member,  age  36,  married,  technical,  10  years  all  round 
experience  operation  and  examination  gold,  sOver,  copper,  manganese, 
in  United  States,  Mexico,  South  America.  At  present  in  States.  Desires 
change  of  position. 

No.  496. — Member,  married,  age  36;  technical  training;  8  years 
practical  experience;  3  years  as  head  executive  of  lai^e  coal  operation. 
Open  for  engagement. 

No.  497.— Member,  age  34,  married,  technical  graduate,  10  years 
experience  as  engineer  and  superintendent  of  copper  and  lead  mines  and 
nulls.  Experienced  in  the  hydrometallurgy  of  copper  ores,  and  in 
construction  work;  good  mechanical  sense. 

No.  499. — American  mining  geologist  and  engineer  41  years  old 
will  be  open  for  engagement  about  Dec.  1.  Experienced  in  Eastern 
American  geology,  including  West  Indies;  especially  iron  ores  and  ferro- 
alloy minerals,  pyrite  and  chemical  minerals.  Has  been  a  producer 
of  high-grade  concentrates. 

No.  500. — Mining  and  metallurgical  engineer,  graduate  of  Mining 
Academy  of  Fetrograd,  Russia,  age  38.  Speaks  English,  French, 
Russian,  reads  Swedish  and  Spanish,  desires  position.     R^erences. 

No.  501. — Member,  age  30,  married,  desires  to  change  position. 
Experience  covers  laboratory,  engineering  department  and  plant  op)era- 
tion  in  zinc  smelter  atid  lead  refinery. 
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LIBRARY 
Amebican  Societt  of  Civil  Enoinbers 
American  Institute  of  Elbctbical  Enoinsers 
AuHRicAN  Societt  or  Mechanical  Enoinbers 
AuBRicAN  Institute  of  Mining  Enoinebrs 
United  ENQiNEERiNa  Societt 

Harrison  W.  Cbaveb,  Director 

The  library  of  the  above-named  Societies  is  open  from  9  a.  if.  to 
10  F.  M.  except  on  holidays.  It  contains  about  70,000  volumes  and  90,' 
000  pamphlets,  including  sets  of  technical  periodicab  and  publications  of 
scientific  and  technical  societiee. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessioas 

Aciere  terBj  foDtes,     Tome  1.     By  Alexis  Jocquet.     Paris,  1918. 
BaDgor  Mineral  District.     (Tasmania  Geological  Survey.    Bulletin  No.  27.)     Tas- 
mania, 1018. 

Calcul  des  Byst^mes  filaatiques  de  la  construction.     By  Ernest  Flamard.     Paris,  1918. 

L'Eleetrochunie  et  L' Electron! ttallurgie.     By  Albert  Levasseur.     Paris,  1917. 

Frnm  the  Falls  to  the  Factory;  a  treatise  on  electric  power  tranamission.  London, 
British  Aluminum  Company.     (Gift  of  A.  8.  M.  E.) 

Formations  G^ologiquee  Aunf^rea  dc  I'Afrique  du  Sud.  By  Ren^  de  Bonand.  Paria, 
1917. 

Gravity  and  temperature  tables  for  mineral  oils  from  determinations  of  the  Bureau 
of  Standards,  and  other  tables  for  general  testing  and  refineiy  practice.  Com- 
piled and  Edited  by  E,  N.  Hurlburt.  Rochester,  1918.  (Gift  of  Taylor  In- 
strument Co.) 

Society  of  Automotive  Engineers,  Data  sheets  of  Steel  Specifications.  (From  the' 
Seventh  Report  of  the  Iron  and  Steel  Division  adopted  by  the  Society,  Aug., 
1S15.)      (Gift  of  Society  of  Automotive  Engineers.) 

Tin  Held  of  North  Ehindaa.  (Tasmania  Geological  Survey.  Bulletin  No.  26.) 
Tasmania,  1918. 

Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
The  Institute  docs  not  aBsume  responsibility  for  any  statements  made;  these  are  ta^en 
from  the  preface  or  the  text  of  the  book,  unless  otherwise  noted. 

CoNCBBTB  Stone  MANUrAcruRE.     By  Ilarvcy  Whipple.     Detroit,  Concretc-eemcnt 
Age  Publishing  Co.,  1918.     318  pp.,  82  illue,,  104  pi.,  7  X  5in.,  cloth,  81.50. 
A  textbook  for   manufacturers  of  factory-made  concrete  units,   baaed  on   t: 
'       layout,  operation,  met  bo 
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GuiDx  TO  THE  Ubb  or  TJnitsd  States  Govebniient  Public ationb.  Br  Edith  E. 
dtika.  Boston,  The  Boetoa.  Book  Co.,  1918.  308  pp.,  9  X,6  in.  doth,  S2.50 
A  guide  to  the  hiatoiy,  use,  cataloffing  and  clssaification  of  United  states  Govern- 
ment publications.  Written  primarily  ^r  librariane  &nd  library  workers,  it  is  broad 
enou^n  ia  scope  to  serva  as  a  laboratoiy  manual  for  all  who  use  the  government 
pubhcationB  inside  libraries  and  out.  Contains  four  bibliographies  dealing  with 
different  phases  of  the  subject. 

Handbook  or  Mechanical  and  Electrical  Cost  Data.     Giving  ShippinE  Weights, 
Capacities,  Outputs,  and  Net  Fnces  of  Machines  and  Apparatus,  and  Detailed 
Costs  of  Installation,  Maintenance,  Depreciation  and  Operation,  together  with 
Many  Principles  and  Data  relating  to  Engineering  Economics.     By   Halberl 
P.  Gillette  and  Richard  T.  Dana.    1st  edition.     N.  Y.,  McGraw-Hill  Book  Co., 
Inc.;  Lend.,  HUl  Publishing  Co.,  Ltd.,  1918.     17+1734  pp.,  Ulus.,  tab.,  7  X5in., 
flexible  cloth,  $6. 
This  handbook  is  umilar  .in  method  to  the  authors'  two  previous  handbooks 
cohering  costs  in  the  field  of  civil  engineering  and  can  be  used  to  supplement  them. 
It  is  almost  entirely  devoted  to  purely  electrical  and  mechanical  subjects.     Chapters 
on  reneral  economic  principles,  depreciation,  repairs  and  renewals  are  included. 
A  MANTAL  Of  ENCiNEEaiNQ  Drawiko  FOR  Stttdbnts  AND  Drattsiiek.     By  Thomas 
E.  French.     N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hill  Publishing  Co., 
Ltd.,  1918.     12  +  329  pp.,  556  illus.,  9X6  in.,  cloth,  »2.6ff. 
A  method  of  instruction,  based  upon  the  conception  of  drawing  as  a  language, 
with  varied  forma  of  expresBion,  a  grammar  and  style.     New  chapters  on  lettering, 
screw  threads,  bolts  and  fastenings,  and  structural  drawing  have  been  added;  the 
chapters  on  working  drawings  and  architectural  drawing  have  been  enlarged,  and  the 
text  generally  revised. 

Tbe  Metallurgists'  A(n>  Cheuibts'  Handbook.     A  Reference  Book  of  Tables  and 

Data  for  the  Student  and  Metallur^st.     Compiled  by  Donald  M.    liddell. 

2d  ed.,  revised  and  enlarged.     N.    Y.,   McGraw-Hill  Book  Co.,  Inc.,  Lond. 

mil  Pub.  Co.,  Ltd.,  1918.     65  pp.,  illus.,  teb.,  7  X  4  in.,  flexible  cloth,  J4. 

A  collection  of  tables  and  condensed  data  selected  to  include  those  moat  necessary 

to  the  chemist  and  metallurgist.  _  Additions  to  this  edition  bear  chiefly  on  war 

acti^ties,  such  as  alloys  and  toxic  gases.     A  short  chapter  on  organic  chemistry  is 

also  included. 

Kkintobcsd  Concbbtb  Constrdction.     Part  I.    With  Examples  Worked  Out  in 

Detail  for  sJl  Types  of  Beams,  Floors  and  Columns.      By  M.  T.  Cantell.     2d 

edition.    Lond.,  E.  &  F.  N.  Spon.  Ltd.,  N.  Y.,  Spon  A  Chamberlain,  1918. 

160  pp.,  76_iUuB.,  1  pi.,  7  X,5  in.,  cloth.     (Gift  of  the  author.) 

The  chief  object  in  this  work  is  to  endeavor  to  meet  the  requirements  of  students, 

as  well  as  others  who  have  practical  experience  but  only  an  elementary  knowledge 

of  mathematics  and  mechanics,  for  a  simple  practical  treatQient  of  the  subject.     Part 

I  contains  the  principles,  general  information  and  examples  of  designing  required  by 

the  majority  of  students  and  practical  men.     This  edition  is  revised  to  comply  as 

far  as  possible  with  American  and  Canadian,  as  well  as  British,  conditions  and 

prac  ce.      poj^-pgcOMING  MEETINGS  OF  SOCIETIES 


1918 

Nov.  14-16 

Dec.  3-6 

Dec.  28-31 

Deo.  27- 

Jan.  2. 

1919 


National  Society  of  Naval  Architects New  York,  N,  Y. 

Amerioan  Society  of  Mechanical  Eng^eers New  York,  N.  Y. 

Oecdo^ical  Elocuety  of  America. Boston,  Mass. 

AmenoanAasociationforthe  Advancement  erf  Science  Boston,  Mass. 

Amflricau  Society  of  Civil  Engineers New  York  N.  Y. '  Jan.  16-16 

Amerioan  Wood  Preoervera  Associatioii ;  St.  Louis,  Mo.       I  Jan.  28-30 

Amerioan  Society  oS  Heating  and  Ventilating  Engi-  I 

neers \  New  York,  N.  Y.  i  Jan.  2&-30 

American  Institute  of  Mining  Enzmeers New  York  N.  Y. '  Feb.  17-20 

New  England  Asaooiation  of  Gas  Eng^eers j  Boston,  Mass.       ,  Feb.  19 

*"*«■*■'  Railway  Ekigmoering  Association Chicago,  Dl.  i  Moh.  1&-20 
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BIOGRAPHICAL  NOTICES 
EDGAR  ARCHIBALD  COLLmS 

Edgar  Archibald  Collins  was  bom  at  Traro,  Cornwall,  Nov.  16,  1877' 
He  waa  the  fifth  (and  youngest)  son  of  J.  H.  Collins,  a  well  known 
Cornish  geologist  and  engineer,  who  died  in  1916. 

Edgar  Collins  spent  part  of  his  childhood  at  Rio  Tinto,  in  Spain, 
and  after  returning  to  England  was  educated  at  AUeyne's  School  at 
Dulwich,  near  London. 

His  technical  training  was  acquired  by  practical  experience  in  Corn- 
wall, supplemented  by  private  study  and  by  his  father's  teaching.  This 
method  of  training  for  the  work  of  a  mining  engineer  was  preferred  by 
his  father  to  that  of  the  technical  schools  then  available,  and  judging 
by  its  result,  was  not  unsuccessful.  It  is,  however,  noteworthy  that  all 
members  of  the  Collins  family  who  were  products  of  this  system  later 
sent,  or  planned  to  send,  their  own  sons  to  technical  schools. 

Edgar  Collins  came  to  Gilpin  County,  Colorado,  in  1S94,  and  returned 
there  in  1898,  after  several  intermediate  years  spent  in  Cornwall.  In 
Colorado  he  worked,  under  his  brother  Arthur,  in  the  California  and  other 
mines  of  the  Gilpin  County  district,  and  thereby  gained  a  practical  skill 
and  experience  as  a  working  miner,  and  a  habit  of  minute  observation 
of  vein  phenomena,  which  proved  of  the  greatest  value  in  later  years. 

In  1899  he  went  to  the  Smuggler-Union  at  Telluride,  as  general 
assistant  to  his  brother  Arthur,  and  stood  the  brunt  of  3  years  of  stru^le 
with  the  Western  Federation,  gaining  a  reputation  for  quiet  courage  and 
sound  work  under  the  most  difficult  conditions. 

After  Arthur  Collins'  assassination  in  the  Smuggler-Union  office, 
in  November,  1902,  Edgar  left  Telluride,  and  shortly  thereafter  entered 
the  employment  of  a  syndicate  headed  by  Arthur  Winslow,  of  Boston, 
to  search  for  and  develop  new  mines.  While  so  engaged  he  spent  several 
unsuccessful  months  near  Parral,  in  Mexico,  and  later  visited  and  sampled 
the  newly  discovered  district  of  Grandpa,  afterward  known  as  Goldfield, 
in  Nevada.  This  led  to  the  acquisition  by  the  Winslow  syndicate  of 
the  Combination  mine,  at  first  under  lease  and  option;  and  Edgar  Collins 
was  placed  in  charge. 

The  Combination  was  really  the  starting  point  of  Goldfield.  It 
was  a  profitable  mine  before  the  discoveries  at  the  Jumbo  were  made; 
and  while  the  Combination,  being  a  "Company-account"  mine,  con- 
trolled by  a  few  responsible  men,  never  attracted  the  publicity  that 
centered  around  the  sensationally  profitable  leases  on  the  Jumbo  and 
Mohawk,  which  publicity  was  used  to  further  the  feverish  stock-dealings 
that  characterized  the  new  district.  The  Combination  was  really  the 
pioneer  mine,  made  the  first  shipments  of  rich  ore,  constructed  the  first 
water-line,  and  built  the  first  mill  (designed  by  F.  L.  Bosqui,  an  old 
friend  and  associate);  and  while  it  pursued  a  quiet  and  unobtrusive 
career  up  to  the  time  of  its  sale  to  and  incorporation  with  the  Goldfield 
Consolidated,  was  probably,  in  proportion  to  the  amount  of  mohey 
risked,  the  most  profitable  bonanza  in  the  recent  history  of  gold  mining. 

After  the  sale  of  the  Combination,  Edgar  Collins  left  Goldfield  for 
Tonopah,  where  he  took  chaise  of  the  Montana-Tonopah  for  C.  E.  Knox. 
This  also  was  a  profitable  venture,  although  less  sensationally  so  than  the 
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Combination;  and  the  new  Montana  mill,  also  designed  by  Bosqui, 
was  another  milestone  in  the  metallurgical  progress  of  Nevada. 

In  1911  he  went  to  the  Transvaal,  and  served  for  a  year  as  under- 
ground manager  of  the  City  Deep,  one  of  the  principal  mines  of  the 
Central  Rand.  But  the  local  conditions  were  uncongenial  to  him;  he 
found  the  individual  there  unduly  dominated  by  the  organization.  Too 
little  initiative  was  accorded  to  the  mine  manager;  a  condition  which 
perhaps  avoids  sensational  blunders,  but  does  not  tend  to  develop  the 
best  in  either  men  or  mines.  So  he  did  not  renew  his  Rand  engagement, 
preferring  to  accept  an  offer  from  Mr.  Knox  to  superintend  the  reopening 
and  re-equipment  of  the  Commonwealth  mine  in  Arizona — which  had 
just  been  acquired  by  a  subsidiary  of  the  Montana-Tonopah  Company. 

The  Commonwealth  was  an  old  silver  bonanza,  around  the  fringe 
of  which  considerable  areas  of  low-grade  silver  ore  remained.  This 
proved  neither  in  tonnage  nor  grade  equal  to  anticipation;  and  while 
mine  and  mill  were  completely  equipped  Und  ably  handled,  it  was  im- 
possible to  realize  any  substantial  profit  at  the  price  of  silver  then 
prevailing,  and  after  several  years  work  was  suspended. 

After  a  short  interlude  in  chaise  of  the  Oceanic  quicksilver  mine  in 
California,  Edgar  Collins  undertook  the  management  of  the  Ridder 
mine,  in  the  Altai  mountains  in  southern  Siberia.  This  is  a  property 
of  the  first  magnitude;  but  the  disintegrating  effect  of  the  Bolshevik 
regime  had  already  commenced,  and  conditions  as  to  labor  and  supplies 
were  chaotic.  He  sacrificed  9  months  in  a  patient  endeavor  to  achieve 
the  impossible,  when  the  property  was  seized  by  the  Bolsheviki,  and  he 
started  for  home  with  hia  family.  After  a  long  journey,  uneventful 
excepting  for  discomfort,  they  arrived  safely  at  Vancouver. 

Possibly  his  vigorous  constitution  had  become  weakened  by  worry 
and  inaction.  At  all  events,  shortly  after  his  return  to  California  he 
was  attacked  by  pneumonia,  and  died  at  Ben  Lomond  on  June  3,  1918, 
after  a  brief  illness. 

Edgar  Collins  was  widely  recognized  as  one  of  the  most  skillful 
mine  managers  of  his  day,  his  combination  of  energy  and  cool  judgment 
being  most  effective.  He  was  remarkably  successful  in  handling  men 
and  getting  the  best  out  of  them,  and  will  long  be  remembered  with 
affectionate  respect  by  a  large  number  of  the  men  who  worked  under  him. 

He  married,  in  1906,  Miss  Grace  Reynolds  of  San  Francisco,  who 
with  three  children,  two  boys  and  one  girl,  survive  him.  He  was  par- 
ticularly fortunate  in  his  domestic  relations,  and  a  great  lover  of  home. 

His  only  formal  contribution  to  technical  literature  was  a  short  paper, 
"A  Prospecting  Shaft  in  the  Goldfield  District,  Goldfield,  Nevada," 
in  the  Transactions  of  the  Institution  of  Mining  and  Metallurgy,  Vol. 
15,  pages  540-2.  Several  occasional  contributions  to  the  technical 
press  iUustrate  the  happy  combination  of  lucidity  and  simplicity  which 
he  inherited  from  his  father,  and  suggest  the  loss  which  his  disinclination 
for  formal  writing  occasioned  to  his  fellows.  He  had  a  gift  for  letter 
writing  which  is  rare  now-a-days,  and  many  of  his  letters  written  while 
traveling  have  passed  from  hand  to  hand. 

Utterly  loyal  alike  to  employer  and  subordinate,  a  genial  companion 
and  a  sound  engineer,  Edgar  Collins  will  be  widely  missed,  even  outside 
the  circle  of  his  intimate  friends  and  relatives,       George  E,  Collins. 
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THEODORE  EDWARD  SCHWAR2- 

Theodore  Edward  Schwarz,  a  member  of  the  Institute  since  1876, 
died  at  Boston  on  Oct.  1,  1917.     He  was  bom  in  Boaton  in  1855. 

He  was  graduated  at  the  English  High  School  in  that  city  in  1872, 
and  the  same  year  entered  the  Massachusetts  Institute  of  Technology, 
where  he  studied  mining  engineering  for  a  life  profession,  graduating  in 
1876. 

In  the  following  year,  Charles  Burleigh,  of  Fitchburg,  Mass.,  offered 
him  employment  as  a  mining  engineer  at  the  Burleigh  tunnel  which  was 
then  being  driven  into  Sherman  Mountain,  near  Georgetown,  Clear  Creek 
County,  Colorado.     This  was  one  of  the  first  enterprises  of  its  class  in 


Theodore  E.  Schwarz. 

Colorado,  and  the  Burleigh  machine  drill  was  first  introduced  here.  Ac- 
cepting the  position,  Mr.  Schwarz  acquired  valuable  experience  in  tunnel 
work  with  air  drills,  as  well  as  in  practical  mining. 

In  1878,  h©  closed  his  connection  with  this  enterprise,  and  with  a 
partner  engaged  in  developing  a  prospect  in  Silver  Creek  near  Lawson, 
where  he  gained  some  further  knowledge  of  the  patience  and  hard  labor 
required  to  create  a  mine. 

In  the  fall  of  that  year,  he  became  interested  in  a  lease  on  the  White 
lode  in  the  district  called  Red  Elephant,  back  of  Lawson,  where  he  sunk 
the  first  250  ft.  of  what  has  since  been  known  as  the  Schwarz  shaft,  devel- 
oping the  property  and  operating  it  for  2  years,  during  which  time  he 
"  Article  by  Freak  Hall:  "History  of  Colorado,"  vol.  4. 
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shipped  considerable  ore.  At  a  later  period,  and  until  1882,  he  proepected 
in  Cascade  district,  Clear  Creek  County,  and  from  time  to  time,  examined 
and  reported  upon  prospects  for  Boston  and  New  York  investors. 

In  1882,  he  accepted  the  management  of  the  Santa  Rita  copper  and 
iron  mines  near  Silver  City,  New  Mexico.  Here,  he  created  extensive 
improvements  including  a  very  successful  concentrating  mill  of  100  tons 
daily  capacity,  and  developed  the  extensive  native  copper  deposits  of 
the  property.  The  decline  in  the  price  of  copper  in  1883  caused  the  works 
to  be  closed  at  a  time  when,  by  thorough  engineering  and  economical 
management,  he  had  brought  them  to  a  self-sustaining  condition. 

In  August,  1884,  he  was  appointed  Superintendent  of  the  Yankee 
Girl  mine.  Red  Mountain  district,  Ouray  County,  which  had  then  been 
but  crudely  opened  to  a  depth  of  100  ft.  During  the  5  years  of  his 
management  he  developed  it  to  a  depth  of  about  1000  ft.,  opened  new  and 
productive  ore  shoots,  erected  the  large  hoisting  plant  and  all  surface 
improvements,  and  worked  it  at  such  profit  that  the  Company  was  able 
to  pay  dividends  amounting  to  nearly  11,000,000.  The  development  of 
the  Robinson  mine,  adjoining  and  a  part  of  the  property,  to  the  point  of 
productiveness  was  accomplished  by  him  in  the  spring  of  1889.  It  has 
since  continued  to  be  one  of  the  most  productive  of  Red  Mountain 
orebodies. 

In  June,  1888,  while  conducting  the  Yankee  Girl,  he  was  engaged  to 
superintend  the  Guston  mine,  also  an  adjoining  property  owned  by  the 
New  Guston  Co.,  Ltd.,  of  London.  It  had  actiuired  a  heavy  indebtedness, 
and  been  shut  down  full  of  water  during  the  previous  year.  By  his  knowl- 
edge of  the  Red  Mountain  formation,  which  he  had  made  a  subject  of 
careful  study,  he  was  able  to  place  this  mine  on  a  dividend-paying  basis 
within  a  few  months  after  taking  charge.  For  some  time  the  company 
paid  larger  dividends  in  proportion  to  its  capitalization  than  any  other 
mine  in  the  U.  S.  He  induced  the  company  to  lease  and  bond  the 
Little  Annie  and  Smu^lcr  claims  adjoining  the  Guston  workings,  for 
about  $80,000,  beheving  the  ground  too  valuable,  although  no  pay  ore 
was  then  showing  in '  either  claim.  During  the  winter  of  1889-90  he 
succeeded  in  opening  a  large  body  of  fine  ore  in  the  Smuggler;  it  was 
purchased  and  became  a  profitable  mine. 

He  was  also,  during  his  residence  in  the  district,  connected  with  the 
development  of  several  other  properties,  among  them  the  National  Belle, 
now  belonging  to  the  American  Belles  Mines  Co.,  Ltd.,  on  which  he 
located  the  present  working  shaft  and  sunk  it  to  a  depth  of  300  ft. 

In  March,  1890,  the  health  of  his  family  having  suffered  from  long  ex- 
posure to  the  high  altitudes,  he  resigned  his  management  of  the  New 
Guston  Company,  receiving  a  formal  vote  of  thanks  from  the  directors 
and  stock-holders  of  the  company  in  London,  in  appreciation  of  his  serv- 
ices. His  own  health,  also,  had  become  seriously  impaired  by  his  long 
residence  at  high  altitude. 

At  the  Colorado  meeting  of  the  Institute,  in  1889,  Mr.  Schwarz  pre- 
sented the  first  comprehensive  paper  that  had  appeared,  descriptive  of 
the  geology  and  ore  deposits  of  the  Red  Mountain  district.' 

In  1890,  he  opened  an  office  in  Denver,  as  consulting  mining  engineer, 
making  a  specialty  of  mine  management,  and  having  in  charge  the  devel- 
opment of  several  prominent  properties,  including  a  number  of  important 
undertakings  in  the  San  Juan  country. 

'  Trans.  (1889),  18, 139. 
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MESIBERSHIP 

New  Mbubebs 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Sept.  10,  1918,  to  Oct.  10,  1918. 

Addison,  Hbrbbht,  Vice^res.  and  Mgr,,  Big  Horn  CoUieriea  Co^ 

412  Colorado  Bldg^  Denver,  Colo. 

Allan,  Andrew,  Jr A.  All&n  &,  Son,  Harrisoii,  N.  J, 

Ami,  Henrt  M.,  Charge  of  War  Metals  and  Minerals,  British  Embaaay, 

Washington,  D.  C, 
Althak,  Homer  C,  Min.  Engr.,  The  Lorain  Coal  &  Dock  Co., 

Bridgeport,    Belmont    Co.,    Ohio. 

Baker,  John  T Free.,  J.  T.  Baker  Chemical  Co.,  Phillipsburg,  N.  J. 

Bakba,  W.  p.,  Lieut.  Colonel,  Ordnance,  U.  S.  A.,  2301  Connecticut  Ave., 

Washington,  D.  C. 

Bbnbon,  John  Patt Min.  Engr.,  Aurora  Cona.  Mines  Co.,  Aurora,  Nev. 

BoeWELL,  H.  F Resident  InspecliOr,  Southern  Railway  Syatem,  St.  Louis,  Mo. 

Braucbbr,  Peter  S.,  Foundry  Mgr.,  Philadelphia  &  Reading  Hy.  Co., 

Sixth  A  Ffory  St.,  ReadiM,  Pa. 

BroooeR,  Melvin,  Min,  Engr^  Soci£t6  International  Forestiireet  Mini^redu  Congo, 

Forminigre  Mission,  Tshikapa,  Kasai,  Congo  Beige. 

Brtan,  John  K Mgr.,   Electrolytic  Zinc  Co,   Inc.,   Colgate,  Baltimore,  Md. 

Buchanan,  DbWitt  Wheeler,  Pres.,  Old  Ben  Coal  Corpn.,  1114  McCormick  Bldg., 

Chicago,  ni. 
BUBOBBB,  Charles  WseLET,  Met.  Eagr.,  The  Dorr  Co.,  206  Miners  Bank  Bldg., 

Joplin,  Mo. 

Caron,  M.  H.,  Min.  Engr Mynweren,  Batavia,  Java,  N.  E,  I. 

Chbnet,  Charles  Albert,  Geol.,  Crosby  Exploration  Co,,  21  N.  Butler  St., 

Madison,  Wis. 
Clark,  Georoe  B,,  Asst.  Valuation  Engr.,  Colorado  A  Wyoming  Railway  Co., 

515  Boston  Bldg.,  Denver,  Colo. 

Cook,  Walter  E Chem.  A  Met,,  Camden  Forge  Co.,  Camden,  N.  J. 

Crowdub,  John  William lat  Lieut.,  Enjineera,  U!  S.  A. 

Elmore,  G.   H.,  Cods.   Engr.,  1001-1003  Colonial  Trust  Bldg.,   Philadelphia,  Pa, 

FiNDLBT,  Alvin  1 Editor,  The  Iron  Age,  239  W.  39th  St.,  New  York,  N.  Y. 

Funk,  Thomas  C Production  Engr,,  Kennedy  Foundry  Co^  Baltimore,   Md. 

Fox,  Oliver  Edwin Min.  A  Civ,  Engr,,  Fox,  Peck  &  Fox,  Harlan,  Ky. 

Fribbib,  Howard  I.,  Efficiency  Engr.,  Anaconda  Copper  Min.  Co., 

Washoe  Reduction  Wlu.,  Anaconda,  Mont, 
Oilman,  F.  L.,  Wka.  Mgr.,  National  Conduit  A  Cable  Co.,  Inc., 

Hastings-on-Hudson,  N,  Y. 
Holder,  G,  C,,Met,  A  Chem,,  Wheeler  Condenser  A  Engineering  Co.,  Carteret,  N.J. 
HoRNE,  JOBEPH  A,  VicB-pres,  &  Gen'l  Supt.,  Yale  A  Towne  Mfg.  Co., 

Stamford,  Conn. 

KasJbns,  Jacob  G Pres.,  Brass  Foundry  Co.,  711  So.  Adame  St.,  Peoria,  111. 

Kennedy,  Daniel  J Wks.  Mgr.,  The  Kennedy  Valve  Mfg.  Co.,  Elmira,  N.  Y. 

Lemke,  Paul  F Supt.   Bausch  &  Lomb  Optical  Co.,  Rochester,  N.  Y. 

Leonard,  Bart.  C,  Gen'l  Supt.  A  Mgr.,  Riveraide  Coal  Min.  Co.,  South  Fork,  Pa. 

Levinoer,  David Wratem  Electric  Co.,  Hawthorne  Station,  Chicago,  111. 

LuTTs,  Cablton  G,,  Met,,  Metallurgical  laboratory,  Boston  Navy  Yard, 

Boston,  Mass, 
Maclat,  Edqar  G,,  Foreman,  Ferro-Alloy  Plant,  Anaconda  Copper  Min.  Od., 

Great  Falls,  Mont. 
Mbnnie,  T.  S.,  Concentrator  Mill  Supt.,  McKinley-Darragh-Savage  Mines  of  Cobalt, 
Ltd.,  Cobalt,  Ont,  Canada. 
Merritt,  Flotd  C,  Supt,,  Ramahom  Mine,  Aetna  Min.  A  Investment  Co., 

Challis,  Idaho. 
Mebbuer,  Ferd.,  Pres.,  Ferd.  Meesmer  Mfg.  Co.,  2700  South  7th  St.,  St.  Louis,  Mo. 
Miller,  Charles  A.,  Aest,  Mine  Supt.,  United  Verde  Copper  Co.,  Jerome,  Arii. 
MoTT,  Everett  H,,  Smelt.  Supt.,  Sociedad  Minera  Backus  y  Johnston  del  Peni, 

Casapalca,  Peru,  S.  A, 
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MoDLsDALB,  WiLLiAU  EDWARD Met.  EngT.,  6  Castle  St.,  Livierpool,  England. 

Nichols,  F.  E Supt.,  Danao  Coal  Mines,  Danao,  Cebu,  P.  1. 

Faquet,  Fred.,  Supt,  MetaU  Dept.,  Deloro  Smelt  &  Refin.  Co.,  Deloro.Ont  Can. 
Pbtinot,  N.,  Met  Engr.,  Vice-preB.,  United  States  Alloys  Corpn.,  Buffalo,  N.  Y. 

Pillow,  Aiaebt  E Hampden  Club,  Hampden  St.,  N.  W.,  London,  England. 

Richardson^  Edro Pres.,  The  Edro  Richardson  Brass  Co.,  Baltimore,  Md. 

RiFFER,  J.  E.,  Prop.,  St.  Catharines  Brass  Works,  02  Georges  St, 

St.  Catharines,  Ont.,  Canada. 
ScHBLL,  H,  B.,  Aast.  Mine  Mgr.,  Mount  Bischoff  Ertended  Tin  Min.  Co., 

Wwratah,  Tasmania. 

Shafer,  Frederick  C Supt.,  Penberthy  Injector  Co.,  Detroit,  Mich. 

Silver,  Albert,  Mill  Supt.,  Belmont  Shawinut  Min.  Co.,  Box  7, 

Shawmut,  Tuolumne  Co.,  Cal. 
Sleeth,  S.  D.,  Gen'l  Supt.  of  Foundries,  Westinghouse  Air  Brake  Co., 

Wilmerding,  Pa. 
SuiRHorp,  Theodore  V.,  Met.  Engv.,  Upper  Nsetsky  Min,  h  Met.  Co., 

Zexaterinburg,   Perm,  Russia. 

Warner,  C.  H Sec'y,  8S  Mining  Co.,  Valedon,  N.  M. 

White,  John  H Mine  Mgr.,  Climax  Molybdenum  Co.,  Climax,  Colo. 

Wilkinson,  A.  D.,  Asst.  Smelter  Supt.,  Cananea  Cons.  Copper  Co., 

Cananea,  Sonora,  Mexico. 
YoUNO,  Edward  L^  Min.  Engr.,  Dept.  of  the  Interior,  Bureau  of  Mines,  Berkeley,  Cal. 
ZiGOLER,  Victor,  Cons.  GeoL,  Prof,  of  Geology,  Colorado  School  of  Mines, 

Golden,  Colo. 
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Barnes,  Francis  M.,  Jr.,  Dr.  of  Psychiatry,  University  Club  Bldg.,  St.  Louis,  Mo. 
BiSKGNBTEiN,  Harrt,  Mgr^  S.  Birkenstein  k.  Sons,  377  W,  Ontario  St.,  Chicago,  111. 
BvcKiNaBAU,  Fibber  A.,  Flotation  Div.;  LubricatinB;  Oil  Dept.,  Standard  (U  Co., 
200  Bush  St.,  San  Francisco,  Cal. 
BuRTT,  John  Gcrnbi;  Pet.  Geo!.,  Roxana  Petroleum  Co.  of  Okla.,  Tulsa,  Okla. 

Carpenter,  Murel  Edward Geol.  Engr.,  Roxana  Petroleum  Co.,  Tulsa,  Okla. 

EVenb,  Henrt  W Foundry  Foreman,  Lumen  Bearing  Co^  Buffalo,  N.  Y. 

Green,  George  L.,  Oil  Geol.,  Gladstone  Oil  &  HeBn.  Co.,  222  Scott  Thompson  Bldg., 

Oklahoma  City,  Okls. 
Greoort,  Sewell  Harding,  Morgan  Crucible  Co.,  Ltd.,  Battereea  Worke, 

Church  Road,  London  S.  W.  11,  England. 
Harlby,  L.  J.,  Jr.,  Pres.,  The  Harley  Co.,  Page  Boulevard,  Springfield,  Mass. 

HoLZHAUBR,  WiLUAU Asst.  Engr.  of  Tests,  Milton  Mfg.  Co.,  Milton,  Pa. 

HoRSFALL,  Henrt  A Cone.  Engr.,  29  West  39th  St.,  New  York,  N.  Y. 

Jones,  S.  8 Pres.  A  Gen'l  Mgr.,  Towne  Min.  Co.  Chloride,  Ari*. 

Jddson,  W.  R.,  District  Mgr.,  Allis-Chalmere  Mfg.  Co.,  Casilla  2053, 

Santiago,  Chile,  S.  A. 
Kbefe,  John  J.,  Sec'y,  Rochester  Bronze  &  Aluminum  Co.,  Inc., 

23  Marietta  St.,  Rochester,  N.  Y. 
Lawton,  Lewis  H.,  Sec'y  4  Genl  Mgr.,  Jonathan  Bartley  Crucible  Co.,  Trenton,  N.J. 
Mackeneie,  Andrew  Nighollb,  Pet.  Geol.,  The  Empire  Gas  &  Fuel  Co., 

Drawer  S,  Bartlesville,  Okla. 

Martin,  Curtih  F Co.  B,  27th  Engineers,  American  E.  F.,  via  New  York. 

Maxwell,  H.  W Engr.,  Mine  4  Smelter  Supply  Co.,  El  Paso,  Texas. 

Mgno,  Alvord  p.,   Chief  Chem.,   Stamford  Rolling  MilU  Co^  Springdale,   Conn. 
Morrison,  Charles  E.,  Sec'y  &  Treas.,  The  James  Morrison  Brass  Mlg.  Co.,  Ltd., 
87  Adelaide  St.,  West,  Toronto,  Can. 
PEBLeTEiN,  Isaac  N.,  Salesman,  Great  Western  Smelt.  A  Relm.  Co., 

41st  &  Wallace  Sts.,  Chicago,  111. 
ScHiTLTB,  William  H.,  Gen'l  Mgr.,  The  Trenton  Brass  h  Machine  Co.,  Trenton,  N.  J. 
Stratton,  Joseph  B.,  Business  Mgr.,  Andes  Copper  Min.  Co.,  Casilla  230, 

Antofagasta,  Chile. 
Valeriitb,  Heruan  Pomerot,  Civ,  &  Mech.  Engr.,  Brown  Hoisting  Machinery  Co,, 

American  E.  F.,  France. 
Warren,  Edward  C,  Treas.,  Rochester  Bronze  &,  Aluminum  Co.  Inc., 

23  Marietta  St.,  Rochester,  N.  Y. 
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Junior  Associates 

Bell,  FRANas  M Student,  Colorado  School  of  Mines,  GoldeD,  Colo. 

Brown,  Prentice  Farrar Student  Colorado  School  of  MineB,  Golden,  Colo. 

Carrabco,  Juan  L Student,  Cornell  Univeraity,  Ithaca,  N.  Y. 

FKasENDBK,  J.  H.,  Jr Electrician  2d  CIsm  (Radio)  U.  8.  N.  R.  F. 

Goodwin,  Edward  H Aviation  Corps,  Barracks  No.  1,  Champa^,  111. 

Goodwin,  Georqe  G Stadent,  Colorado  School  of  Mines,  Golden,  Colo. 

Graham,  David  J Student,  Colorado  School  of  Mines   Golden,  Colo. 

McCloskbt,  Downs,  lieut.,  2d  Regiment,  First  Brigade,  Camp  Jackson,  S.  C. 

Peteitz,  William  E Min.  Engr.,  Anaconda  Copper  Min.  Co.,  Butte,  Mont. 

RoMiNE,  Thouas  B student,  Colorado  School  of  Mines,  Golden,  Colo. 

Serviss,  Fred  Lb  Verne Student,  Colorado  School  of  Mines,  Golden,  Cob. 

T0,  Chino  Fang Kirin,  China. 

Change  of  Statua,  Junior  Aaaodaie  to  Member 

Madson,  Frank  H Min.  Engr.,  The  McKinney  Steel  Co.,  Beaseraer,  Mieh. 

Total  Membership,  Oct.  10,  1918 7146 

Chanqe  of  Address  of  Membbbs 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Sept.  10,  1918  to  Oct.  10,  1918. 

This  list  together  with  t£e  list  published  in  BuUetins  No.  133  to  142, 
January  to  October,  1918,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Jan.  1,  1918 
and  brings  it  up  to  the  date  of  Oct.  10,  1918. 

Adahb,  Henrt,  Major,  Chemical  Warfare  Service,  U.  S,  A.  P.  O.  717. 

American   E.    F.,    France. 

Agthe,  Fred  T 309  N.  6th  St.,  Hannibal,  Mo. 

Allbn,  Ror  H.,  Capt.,  Air  Service,  Bureau  of  Aircraft  Production, 

4th  &  Missouri  Ave.,  Washington,  D.  G. 
Auidon,  Claude  E.,  Chemical  Warfare  Section|  Astoria  H.  L.  A  P.  Co.,  Astoria,  L.  1. 
Anderson,  F.  B.,  Mina  1*  Taratana,  Mina  Mmera  de  Manganeao,  Bayamo, 

Oriente,  Cuba. 

Arakawa,  Eiji,  Min.  &  Met.  Engr Sumitomo  General  Ofiice,  Osaka,  Japan. 

AsKiN,   Thomas  B.  H Radio  Station,   Cavite,   P.   I. 

BAOas,   N.  O .203  Broadway,   New  York,   N.  Y. 

Baker,   David  F Blast  Furnace  Dept.,  National  Tube  Co.  of  Lorain,  Ohio. 

Bates,  Bennett  R Instructed  to  hold  everything. 

Bates,     Mowrt 335    Iowa    Bldg.,     Tulsa,    Okla. 

Batten,  H.  L.,  lieut.,  Canadian  Engineere,  Care  J.  W.  Mor^jan.  Deer  Park, 

Woldingham,     Surrey,     En^nd. 

Benoist,  E.  J Braden  Copper  Co,,  La  Mma,  Rancagua,  Chile. 

Bbrrat,  Nileb  S 2219  West  Washington,  Los  Angeles,  Cal- 

Blair,  Georob  S.,  1st  lieut..  Battery  A,  320th  Field  Artillery, 

American  P.  O.  742,  American  E.  F.,  France. 
Blicrensderfer,  F.  C  , , . .  1st  Lieut.,  Ord.  Dept.,  Edgewood  Arsenal,  Edgewood,  Md. 

Block,  Jahbs  A.,  Chief  Engr Crystal  Coal  &  Coke  Co^  Crystal,  West  Va. 

Borden,    Gail Box    222,    Larchmont,    N.    Y. 

Briqos,  Walter  M 2420  Ridge  Road,  Berkeley,  Cal. 

Brioham,  Edmtjnd  D.,  Mgr.,  Railroad  Comm.,  U.  8.  Railroad  Administration, 

910  Fidelity  Bidg.,  Duluth,  Minn. 
Brockunier,  8,  H.,  Supt.,  Chateaugay  Ore  &  Iron  Co.,  Lyon  Mountain,  N.  Y. 
Brooks,  Flotd  R.,  Lieut.,  Canadian  Engineere,  C.  E.  T.  C,  Seaford,  Sussex,  Eng. 

Brown,  Frederick  C R.  F.  D.  5,  Boise,   Ida. 

Brown,  Georqe  M.,  Co.  G,  1st  Engineer  Replacement  Regiment, 

Washington  Barracks,  D.  C. 

Brxjnel,  Frank  P Shoreham  Apts.,  So.  Magnolia,  Long  Beach,  Cal. 

Brunel,  Lodis  J.,  2d  Lieut.,  5th  Field  Artillery,  Brigade  Headquartets, 

American  E.  F.,  Care  Postmaster,  X.  Y. 
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Bbuntok,  D.  W.,  Cons.  Engr.,  Naval  Conaultiiig  Board,  Navy  Bldg., 

Washington,  D.  C. 

Brutere,  Alan Care  Producing  Dept.,  The  Texas  Co.,  Cibco,  Texas. 

Bbtcd,   Robert  A 149  Indian  Road,  Toronto,  Canada. 

Btickbt,  D.  W 1527  Harvard  Ave.,  Salt  Lake  City,  Utah. 

BCNTAK,  F.  W.,  A«8t.  Chem.,  Noble  Electric  Steel  Co.,  Heroult,  Shasta  Co.,  Cal. 

Burgben,  Aktbdb  W Care  A.  B.  Nanert,  4900  Cimmaron  St.,  Los  Angelee,  Cal. 

BuRRELL,  O,  C 808  Sellwood  Bldg.,  Duluth,  Minn. 

Callaway,  F.  W,,  Corp.,  Miners  &  Sappers  School,  U.  S.  M.  C.,  Quantico,  Va. 
Carlisle,  Stanley  B.,  Co.  A,  346th  Macnine  Gun  Battalion, 

American  P,  0.  776,  American  E.  F.,  France. 
Chadwice,  John  P.,  American  Smelt.  &  Refin.  Co.,  Casilla  35,  AntofaKSsta,  Chile. 
Chapman,  Lewis  C,  Corp.,  2Bth  Engineers,  American  E.  F.,  A.  P.  O.  No.  714,  France. 
Chase,  J.  L.,  Cadet  2011205,  Canadian  Engineera  Training  Depot, 

St.  Johns,  P.  Q.,  Canada. 
Chatin,  Adodst  H.,  472d  Engineers,  U.  S.  A.,  Bldg.  C,  Room  4-107, 

Henry  Parks  Bldg^  WaflhiBgton,  D.  C. 

CoNRADs,  R.  A 804  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

CoBBiN,   J.   Ross 123   Clinton  Ave.,   New  Rochelle,   N.   Y. 

CouLDBEY,  Paul  S.,  Corp.,  313134  W.  R.  fi  Works  Co., 

Saltpans,  nr.  Sandwich,  Kent,  England. 
Cowans,  Frederick,  Gen'l  Mgr.,  Utah  Cons.  Min.  Co.,  408  Dooly  Block, 

Salt  lake  City,  Utah. 
Croxton,  David  T.,  Pree.,  Cleveland  Furnace  Co.,  316  Clark  Ave.,  S.  W., 

Cleveland,  Ohio. 
CcNNirF,  Bernard,  American  Magnesium  Corpn.,  Room  1364,  200  Fifth  Ave., 

New  York,  N.  Y. 

CuNMiNOHAU,  Geoboe  H Box  856,  Melbourne,  Australia, 

Dale,  Ralph,  Lieut.,  Co.  E,  lUth  Engineers,  A.  E.  F.,  Care  Postmaster,  N.  Y. 

Daman,  A.  C 4547  Wolff  St.,  Denver,  Colo. 

Daulton,  Theodore  M.,  Gen'l  Mgr.,  Placer  Gold  Mines  Co.,  1002  Third  Ave., 

Seattle,  Wash. 
Davis,  Leverett,  Min.  Engr.;  Mgr.,  The  Commonwealth  Min.  Co., 

flll-15  Foster  Bldg.,  Denver,  Colo. 

TtttviNZ,    John   C Troy-Arizona  Copper    Co.,    Kelvin,    Arii. 

DiBTi,  J.  H American  Zinc  Product*  Co.,   Greencastle,   Ind. 

Dove,  D.  R.,  Candidate,  21at  Training  Battery,  F.  A.  C.  O.  T.  8., 

Camp  Zachary  Taylor,  Ky. 
Dudley,  Boyd,  Jr.,  Capt.,  Ordnance  Dept.,  Inspection  Div., 

WatervUet  Ai«ena1,  WatervUet,  N,  Y. 
DrNRAR,  Douglas  MacD.,  Co.  20,  5th  Bat.,  163  Depot  Brigade, 

Camp  Dodge,  Iowa. 
EDDiNonELD,  F.  T.,  Min.  Engr.,  Bureau  of  Mines,  1440  Harvard  St., 

Washington,  D.  C. 
Eqlich,  ARTiLETrs  v.,  Co,  H,  2d  Engineers  Training  Regiment,  Camp  A.  A., 

Humphreys,  Va, 

Farnham,  C.  Mason Geol.,  American  Metal  Co.,  Barre  Plains,  Mass. 

FERGtrsoN,  Claude Supt.,  Consolidated  Arizona  Smelting  Co.,  Ocotillo,  Ariz. 

Fisher,  Thomab  E 5  Baker  Ave.,   Dover,  N.  J. 

Forbes,  D.  D Instructed  to  hold  everything, 

FouBNiER,  E.  Antunes Apartado  746,   Mexico  City,   Mexico. 

Fullaway,  Richard  M.,  Co.  B,  4th  U.  S.  Engineers,  American  E.  F., 

Care    Postmaster,    N.    Y. 

Gahl,  Rbdolp Cons.  Met.,  1213  First  National  Bank  Bldg.,  Denver,  Colo. 

Galpin,  Sidney  L 620]^  Sherman  Ave.,  Hutchinson,  Kansas. 

Garrison,  Murray   E Cadet,  Squadron  1,  Camp  Dick,  Dallas,  Texas. 

Gfim,  Fbancis  Hodgson Co.  2,  E.  O.  T.  S.,  Gamp  Humphreys,  Va. 

Goodrich,  Robert  Rhea 521  E.  3d  St^,  Anaconda,  Mont. 

Gobelanqton,  Cecil  A Capt.,  Engineer  Corps,  U.  S.  Army. 

GoTsCH,  OacAR,  Jr.,  Chief  Machinist's  Mate,  U.  S.  Navy  Steam  En^^.  School, 

Stevens  Institute,  Hoboken,  N.  J. 
Grant,  Ulysses  S.,  IV,  2d  Lieut.,  Textile  Equipment  Branch,  O.  Q.  M.  G., 

Room  3414,  Unit  G,   19th  &  B.  Ste.,   Washin^on,  D.  C. 
Gbaton,  Louis  C.  .  .Copper  Producers  Committee,  60  Broadway,  New  York,  N.  Y. 
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Gbben,  Waldron  a.,  2d  Lieut.,  Co.  D,  27th  Engineers,  A.  £.  F., 

Care  Postmaster,  N.  Y. 

GuiTEKUAN,  Kbctneth  S Box  452,  I*wrence,  L.  I.,  N.  Y. 

Hall,  R.  O,,  Reeideat  Met.,  Burma  Mines  Ltd.,  Nsmtu,  Upper  Shan  States,  BurtntL. 
Haupton,  William  H.,  Gaa  Defense  Div.,  Chemical  Warfare  Service,  U.  3.  A., 

Long  Island  City,  N.  Y. 

Harder,   Oscar  E Mellon  Institute,    Pittsburgh,  Pa. 

Harms,   Pdrl  L.,  Major,  19th  U.  S.  Infantry,  18th  Division,  Camp  Travis,  Texas. 

Harrinoton,  D U.  S.  Bureau  of  Mines,  Golden,  Colo. 

Hbizer,   O.   F Supt.,   Sheepranch   Mine,   Sheepr&nch,    Cal. 

Hebron,  James  H.,  The  James  H.  Heiroa  Co.,  1364  West  Third  St., 

Cleveland,  Ohio. 

HiLRT,  George  R Lieut.,  Headquarters,  Ellington  Field,  Houston,  Texas. 

HorPMANN,  Karl  F.,  Cons.  Engr.,  General  Development  Co.,  61  Broadway, 

New  Yorlc,  N.  Y. 

HoHL,  L.  John Cons.  Engr.,  1834  Delaware  St.,  Berkeley,  Cal. 

HoLURERo,  Clyde  L Box  301,  Virginia,  Minn. 

HouBHOLDBR,  E.  Ross Student,  Co.  4,  E.  O.  T.  S.,  Camp  Humphreys,  Vs. 

Hu,  8.  H Met.,  Illinois  Steel  Co.,  Gary,  Ind. 

HoNTLBT,  Louis  G.,  Pres.,  Island  Oil  ft  Transport  Corpn.,  62  Cedar  St., 

New  Yorit,  N.  Y. 
HtJTCHiNB,  R.  Grobvrnor,  Jr.,  Head,  Bureau  of  Home  &  Hospital  Service, 

American  Red  Cross,  France. 

Ihi«eno,   Axel  O Cons.   Engr.,  Jopun,    Mo. 

Irelanb,  Robeet  R Student,  Colorado  School  of  Miaes,  Golden,    Colo. 

Irwin,  Joseph  S 2d  Lieut,  of  Infantry,  U.  8.  Army.  Camp  Perry,  Ohio. 

Jaeoer,    Frederick 25  Bergen  Ave^  Jamaica,  N.  Y. 

Jarrett,  Fred  O Buckley,  Pien»  Co.,   Wasfainiclon. 

Jones,  Wendell  T.  Co.  D,  3I6th  Engineers,  American  E.  F.,  Care  Postmaster,  N.  Y. 

Kebdy,  Dyke  V , Care  Norton  ft  Co.,  Niagara  Falls,    N.  Y. 

Kendall,    A Box    342,    Hancock,    Mich. 

Kiliani,  Richard  B,  T.,  Sec'y  ft  Treas^  Hardinge  Conical  Mill  Co.,  Room  525, 

First    National    Bank    Bids-,    Denver,    Colo. 
Kirby,  a.  G.,  Gen'l  Mgr.,  Darwin  Lead  &  Silver  Mines  ft  Dev.  Corp., 

818  So.  6th  East  St.,  Salt  Lake  City,  Utah. 

Kivari,  Arthur  M 400  Empire  Bldg.,  Denver,  Colo. 

Klein,  Karl  F 543  West  123d  St.,  New  York,  N.  Y. 

Kroeqer,  Adolph  C Co.  1-b,  E.  O.  T.  S.,  Camp  A.  A.  Humphreys,  Va. 

Ladoo,  Raymond  B.,  John  B.  Guernsey  ft  Co.,  Inc.,  411  Strickland  Bids., 

Roanoke,  Va. 
Lehmann,  Charles,  Min.  ft  Met.  Engr.,  13  Chetsworth  Road, 

West  Norwood,  London,  8.  E.,  Fjigland. 

Lewis,  Robert  S Box  902,  Stanford  University,  Cal. 

LiNTHicuM,  J.   F Night  Supt.,   Monsanto  Chemical  Works,  St.  Louis,  Mo. 

LoERPAREL,  W.  Harrison Co.  5,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

LuNT.  HoRACB  F.,  Capt.,  Engineer  Officers'  Truning  Camp,  Camp  Humphreys,  Va. 

MacDonald,    H.    D American    Zinc    Co.,    Mascot,    Tenn. 

MacNichol,  A.  W,,  Ensign,  U.  S.  N.,  U.  S.  S.  Pastorcs,  Care  Postmaster,  N.  Y. 
Macaulat,  R.  M.,  The  Consolidated  Min.  &  Smelt.  Co.  of  Canada^  Ltd., 

Rossland,  B.  C.,  Canada. 
Marsh,  A.  G.,  Corp.,  Co.  C,  18th  Railway  Engineers,  American  E,  F,, 

Care  Postmaster,  N.  Y. 

Masters,    John    E Box   413,    Livermore,    Cal. 

Means,  Alan  H.,  2d  lieut.,  F.  A.,  N.  A.,  314th  Field  ArtUlery,  156  Art.  Brigade, 

American  E.  F.,  Care  Postmaster,  N.  Y'. 

Meoraw,  H.  A,,  Bureau  of  Aircraft  Production,  435  Bldg.  D,  4th  &  Missoun  Ave.. 

.  Washington,    D.  C- 

Mbrritt,  Floyd  C Instructed  to  hold  Bulletins  and  mail. 

Miller,  William  B.,  2d  lieut.,  Co.  B,  Ist  Gas  Regiment,  A.  P.  0.  706,  American  E.  F. 
MooA,  John  Auoust,  Student,  Officers'  Training  Camp,  Co.  A, 

Coast  Artillery  School,  Fort  Monroe,  Va. 

Moore,  Gborob  P The  Wallace  Barnes  Co.,  Bristol,  Conn. 

MoTT,  L.  C,  Min.  Engr.,  Vice-pres.,  Western  Metals  Co.,  626  Security  Bldg., 

Los  Angeles,  Cal. 
MuiR,  T.  K 809  Trust  &  Savings  Bank  Bldg.,  Los  Angeles,  Cal. 
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Mdrrat,  Malcolm  S Capt.  Enf^neera,  Co.  G,  98th  Engineers,  Camp  Leach,  D.  C. 

Nbttbtakdtek,  Abthub 30  Wegman  Parkway,  Jersey  Cito",  N.  J, 

Newman,  M.  A Nelson,  Clark  Co.,  Nev. 

NicHOLAfl,  Abkin  M.,  McLaughlin,  Rusell,  Coe  &  Spr^ue,  165  Broadway, 

New  York,  N.  Y. 
Officer,  Herbert  G.,  2d  Lieut.,  Aviation  Section,  2025  H.  St.,  N.  W., 

Washir^ton,  D.  C. 

Obtnbki,  John  B 1104  N.  Olive  St.,  San  Antonio,  Texas. 

OaBORN,  F.  W, Box  3,  Great  Neck  Sta.,  Loi^  Island,  N.  Y. 

Packard,  Hbnet  J Care  Pacific  Tungsten  Co.,  Mill  City,  Nev. 

Paddisok,  L.  p.,  U.  S.  Smelt.,  R«fin.  A  Min.  Exploration  Co., 

1504  Hobart  Bids.,  San  Francisco,  Cal. 

Paoe,  Wiluau  N Cons,  Engr.,  1863  Kalorama  Road,  Washington,  D.   C. 

Palmer,  W.  P.,  Pvt.,  Co.  D,  Ist  Replacement  Re^.,  Washington  Barracks,  D.  C. 
Parker,   Morris  B.,  Cons.   Min.   Engr,,    1541   Pomsettia  Place,   Hollywood, 

Los  Angeles,  Gal. 
Place,  Richard  G.,  Chief  Chem.,  The  Golden  Age  Min.  &  Reduction  Co., 

Jamestown  S.  R.,  Boulder  Colo. 

Pott,  John  N 611  3o.  Third  St.,  Tacoma,  Wash. 

Pboctor,  Israel  O 2740  State  St.,  Butte,  Mont. 

Queen,  Edward  L City  Transfer  Co.,  Doug1s«,  Ariz. 

Randall,    John Mogollon,    N.     M. 

Rathbun,  p.  D Arizona  Copper  Co.,  Metcalf,  Ariz. 

Rea,  Walter  C Braden  Copper  Co.,  Rancagua,  Chile. 

Reed,  William,  Lieut.,  M.  C.,  R.  E^H.  Q.  Special'Corpa,  R.  E.,  Second  Army,  B.  E.  F. 
Rehfuss,  W,  C,  Ensign,  U.  8.  N.  R.  P.,  Naval  Provmg  Grounds,  Indian  Head,  Md. 

Rbichbl,   Dan Box   100,    Miami,    Am. 

Reid,  a.  Scott,  Lieut.,  Seaforth  Highlanders,   1st  Garrison  Battalion, 

The  Royal  Scotta,  Esyptian  E.  F. 

RXNWICK,  Cbarles  W 1226  N.  3d  Ave.,  KnoxviUe,  Tenn, 

Roberts,  John  R Box  111,  Cisco,  Texas. 

RoDGERs,  Gboroe  B.,  Principal  Asst.,  En^.,  Air  Nitrates  Corpn., 

Agent  Ordnance  Dept,,  469  Fifth  Ave.,  New  York,  N.  Y. 

Rose,  Frank  A University  Club,  Spokane,  Wash. 

Rbnb  de  Sallieb  D0  Pin 202  Clinton  St.,  Watertown,  N.  Y. 

Salsich,  Lb  Rot Asst.  District  Mgr.,  Oliver  Iron  Min.  Co.,  Hibbing,  Minn. 

SCANLAN,  W.  L. . .  M.  A.  Hanna  4  Co.,  1300  Leader  News  Bldg.,  Cleveland,  Ohio. 

ScHiNDLBR,  Donald  F Co.  6,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Sears,  Stanley  C Capt.,  Engineers,  U.  S.  A.,  Camp  Humphreys,  Va. 

Sbnq,  Chan  Key Instructed  to  hold  all  mail. 

Sbayeb,  Fred  P Lieut.,  Air  Service,  American  E.  P.,  Care  Postmaster,  N.  Y. 

Shoemaker,  Gboroe  M.,  Pres.  &  Gen'I  Mgr^  The  Red  Dragon  Coal  Co.,  Corbin,  Ky. 

Shumwat,  Ralph  W Chief  Engr.,  Wolf  Park  Coal  Co.,  Canon  City,  Colo. 

Simpson,  Georob  N.,  GenT  Mgr,,  Wood  Equipment  Co.,  1220  East  76th  St., 

Grand  Crossing,  Chicago,  111. 

Smart,  Ohnan  B Tonopah  Belmont  Development  Co.,  Tonopah,  Nev. 

Smith,  Howard  D Cons.  Min.  Engr.,  60  Broadway,  New  York,  N.  Y. 

■Stedman,  W,   a , The  Dorr  Co.,  Wcatport,  Conn. 

Steoer,  iPArL,  Care  Compania  de  Mineiules  y  Metalcs,  S.  A.,  Santa  Eulalia, 

Chihuahua,  Mexico. 
Steindler,  Euqene  L.,  Gen'I  Mgr.,  Dominion  Reduction  Co.,  Ltd., 

42  Broadway,  .New  York.  N.  Y. 

Steinem,  Chester ,2d  Lieut.,  Heavy  (Coast)  Artillery,  Fort  Monroe,  Va. 

Stimpson,  C.  W.,  Mgr.,  Stimpson  Equipment  Co.,  318  Felt  Bldg., 

Salt  Lake  City,  t!tah. 

STUART,  C.  E Gapt.,  Staff  College,  American  E.  F.,  Care  Postmaster,  N.  Y. 

St(Jts,  Ernest Engineers  C!uh,'  32  West  40th  St.,  New  York,  N.  Y. 

Sullivan,  Clarke Capt.,   Co.   A,   209th   Engineers,   Camp  Sheridan,  Ala. 

Suydam,  A.  G 406  Hobart  Bldg,,  San  Francisco,  Cal. 

Swiet,  B.  G. r St.  Louis  Smelt.  &  Refin.  Works,  St.  Francois,  Mo. 

Swirr,   Ernest  Leb 505  Fairbanks  Ave.,  Oakland,  Cal. 

Teas,  Pierson 2d  Lieut.,  O.  M.  C.  S.,  Camp  Raritan,  Metuchen,  N.  J. 

Thater,  Harrt  S 1146  Pleasant  St.,  Boulder,  Colo. 

Thomas,  Edward  G. 228  S.  Oxford  St.,  Los  Angeles,  Cal. 
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Thompson,  Edwabo  C,  Capt.,  Chemical  Warfare  Section,  Edgewood  Areenal, 


Thompson,  Lester  S.,  Sgt.,  Co.  C,  2Mh  Ekigineere,  American  E.  F., 

Care  Fostmastcr,  N.  Y. 

ToBNOEB,  AxflBRT  L. Mines  Efficiency  Co.,  Duluth,  Minn. 

TowKR,  Rat  E Care  Silver  Fissure  Min.  Co.,  Polaria,  Mont. 

Tract,  Chrbncb  A. 2727  Hobart  Ave.,  Lob  Angeles,  Cal. 

Trauerman,  Carl  J. 132  E.  Aluminum  St.,  Butte,  Mont. 

Trbichlbr,  H.  E Eagr.j  Gulf  Sulphur  Co.,  Matagorda,  TexaH, 

Tuck,  Douqlab Engrg.  Dept.,  United  Verde  Copper  Co.,  Jerome,  Ari*. 

Ttlbh,  Nat,  Ja, Short  Hills,  N.  J. 

Vail,  Richard  H.,  Capt.,  Technical  Div.,  Chemical  Warfare  Service, 

American  E.  F.,  Care  PoBtmaster,  N.  Y. 

Valerius,  Herman  Poherot,  Civ.  &  Mech.  Engr., 

Brown  Hoisting  Machinery  Co.,  American  E.  F.,  France. 

Van  Law,  Carlos  W. Room  819,  fi5  Congress  St.,  Boston,  Maes. 

Varlby,  Thomas U.  S.  Bureau  of  Mince,  Salt  Lake  City,  Utah. 

Watroub,    Mark   U Box   561.    Monte   Vista,    Colo. 

Wat,   Karl  M Care   Bradway  Coal  Co.,  Center  Point,  Ind. 

Weed,  Robert  C,  Chicago  District  Ordnance  Office,  Inspection  Div^ 

155  K  Superior  St.,  Chicago,  Bl. 

Weeks,  L.  G C.  Q.  M.  (A),  U.  S.  N.,  Naval  Proving  Grounda,  Indian  Head.  Md. 

Wilkin.  Garratt  S 617  K,  South  Temple  St.,  Salt  Lr.ke  City,  Utah. 

Williams,  Charles  F.,  2d  Ucut,  Co.  D,  30th  Ghs  Regiment,  American  E.  F., 

Care  Postmaater,  N.  Y. 

WiLLiiMa.FBED  P.,  Supt.,  Carlota  Pyrite  Mine, 

Davison  Sulphur  &  Phosphate  Co.,  Cumanayagua,  Cuba. 

Wilson,  Elwood  J Montvale,  N.  J. 

Wilson,  Gordon,  Mill  &  Cyapide  Supt.,  Freanillo  Co. ,  IVeamllo,  Zacatecas,  Mexico, 

Wilson,  Harht  R. 32d  Training  Battery,  F.  A.  C.  O.  T.  S.,  Camp  Taylor,  Kv. 

Wnr,  Hehrbrt  N U.  8.  N.  R.  F,  Officers  Material  School,  MaiB  Island,  Cal. 

WoLVBBTON,  F.  M.,  Act.  Corp.,  Measles  Quarantine  Camp  No  1,  Camp 

Mc  Arthur,  Teicas. 

Woods,  Clarencb Instructed  to  hold  everything. 

Wriqht,  Ira  L Box  306,  Silver  Cihr,  New  Mexico. 

Young,     William    A. Kendall,     Mont. 

YooNO,  William  G 914  So.  Alvanwlo  St.,  Los  Angeles,  Cal. 

Zimmerman,  S.  H.,  Candidate,  Army  Candidttes  School,  Engineer  Section, 

A  P.  O.  No.  714,  American  E.  F.,  Fmnce. 

Members'  Addresses  Waj^ed 

Name.  Last  address  ol  Record  from  which  Mail  has  been  returned. 

Abm&tron*^  Clifton  T. 347  Manhattan  Ave.,  New  York,  N.  Y. 

Ashmore,  E.  p. 604  Sherboume  St.,  Toronto,  Ont.,  Canada. 

Barnard,  C.  W. North  Chicago  Hospital,  2551  N.  CUrk  St.,  Chicago,  III. 

Barnett,   William  J. S   Waterloo   Place,   Pall  Mall,  London  S.  W.,  England. 

Bird,    Frank   H. Butler   Hotel,   Seattle,    Waah. 

Blancharo,    Ralph  C .3  Lombard  St.,   London,    England. 

Boas,   Ross   H. Highland   Boy   Mine,  Bineham  Canyon,  Utah. 

Breedino,    p.    0 Eden    Min.    Co.,    Bluefields,    Nicaragua. 

Brookhank,    GuiLLEHMO 120    Broadway,    New  York    N.  V. 

Brooke,  Lionel Minaa  del  Tajo,  Rosario,  Sin.,  Mexico. 

Browne,  Arthur  B Malleable  Iron  Fittings  Co.^  Branford,  Conn. 

Bhtant,   Georqe   W Apartado   86,    Guanajuato,    Gto.,   Men. 

Byers,   Whbaton  B 5<)  Hampton  Hall,  Cambridge,   Mass. 

CoNovER,  M.  J Hotel  Bcllevue,  San  Francisco,  Cal. 

Dbtbrt,    William   F. Jacks»n,    Amador   Co.,   CaL 

Ehlbrs,  L.  W 2137  St.  Louis  Ave.,  St.  Louis,  Mo. 

DbFaria,  C.  C,  Fiscal  das  Estradas,  Rua  Condo  do  Boinfim,  No.  46, 

Rio  de  Janeiro,   Brazil. 

FiELOINO,   Sir   Charles Belmont,    Faveraham,  Kent,  England. 

GoLDBHiTH,  OsHBR Rolla,  Mo. 

Herr,  J.  Cahpbblu Bos  556,  State  Collie,  Pa. 
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Hovi^fa>,  Hbnrt  B, Los  Alleles  Athletic  Club,  Loa  Angeles,   Cal. 

Kat,    David  Nelson Biy  Cons.  Copper  Co.,  Hayden,  Ariz. 

Kbrnan,  Thouas  H.,  School  of  Mines  Experiment  Sta.,  Umv.  of  Minnesota, 

Minneapolis,  Minn. 

KLDdESCHEiD,  Walter  P 616  W.  113th  St.,  New  Vork,  N.  Y. 

KoKSKLUAN,    Albert    8. Globe,  Ari^, 

Mbb,  Whitnby  p. Apt.  14,  Binkley  Apts.,  El  Paso,  Texas. 

Morris,    John    M Rolla,  Mo. 

Nicholson,     Fbanois Charlotte     Court     House,    Va. 

Ralbiqh,  Josbph  R.  . , Rossville,  via  Cooktown,  Queensland,  AustraliR. 

Roberts,  Edwabo  J.,  Oen'l  Mgr.,  Nevada  Pyramind  Min.  Co., 

Riverside  Hotel,  Reno,  Nev. 

Ross,    Herbert    W 314    Pacific    Ave.,    Piedmont,    Oakland,    CaL 

Simpson,    Kenneth    M 57    Post    St.,    Son    Francisco,    Cal. 

SncKNEy,  William  H. 708  N.  Center  St.,  Rano,  Nev. 

Tao,  H.  T Rolla,  Mo. 

Taplin,  Thomas  J,,  Jr. 16  Lordship  Park,  London  N.  16,  England. 

ToNQ,  SiNO  Kow 404  W.  115th  St.,  New  York,  N.  Y. 

Treat,  Llotd  B.,  Canadian  IngersoH-Rand  Co.,  Bank  of  Toronto  Bldg., 

Montreal,  Canada. 

VanRensselaer,  Arthvb  M 119  B.  SUt  St.,  New  York,  N.  Y. 

Wong,  H.  C Care  School  of  Mines,  Butte,  Mont. 

Wong,    Yin    Charles Rolla,    Mo. 

Woo,  W.  K. M  70  Sing  Kong  Li,  Minghong  Road,  Shanghai,  China. 


The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  month  Sept.  10,  1918,  to  Oct.  10,  1918. 

Djte  of 

Flection.  Name.                                                            Date   of    Death. 

1917  Ballamy,  John  a    Aug.     9,  1918. 

1891  Buhl,  Frank  H June  17,  1918. 

1876  Kent,  William Sept.  18,  1918. 

1912  McLood,  Howard  D Aug.     6,   1918. 

1902  Moffat,  John June  28,  1918. 

Candidates  for  Membership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.     On  the  other  hand,  it  is  not  desirable  that 

Ksrsons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualihed. 
lembersof  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glanc- 
ing through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Member- 
ship, or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  n-ith  the  list  given. 

Applications  Lacking  Endorsement 

Applications  for  membership  have  been  received  from  Mr.  Braecke 
and  Mr.  Wilkie,  whose  recorda  are  given  below.  These  applications 
lack  the  necessary  number  of  endoreere,  but  since  these  candidates 
live  at  some  distance  from  the  headquarters  of  the  Institute,  their  rec- 
ords are  published  here  in  order  that  any  members  who  are  acquainted 
with  them  may  be  advised  of  the  circumstances  and  may  have  an  oppor- 
tunity of  writing  to  the  Secretary  endorsing  these  candidates. 
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GuaUTeBTa«cke,La  Carolina,  Spain, 

Proposed  by  A.  DeDeken. 

Bom  1860,  Nieuport,  BeUium.  1886,  Grad.,  Siihool  of  MineSj  U^,  Belgium, 
M.  E.  and  Erycr.  of  Arts  and  Manufactures.  1887-91,  Ore-dressing  Dept.,  Hum- 
boldt Engng.  Works,  Kalk^ermany.  1891-1901,  Prospecting,  Northern  Transvaal; 
Mgr.,  BJolyneux  mines,  Witwatorsrand,  Transvaal.  1901-03,  Mgr.,  Gwendoline 
gold  mine,  Korea.  1903-06,  Mgr.,  Mina  Swi  Vicente,  Soci^t^La  Nouvelle  Montague, 
Spain.  1906-07,  Prospectii^  for  linc,  Djendli  mine,  Arzelia.  1907-11,  Msr.^  OIlin 
mines,  North  Spain.  1911-13,  Reporting  in  Spain  for  Sociit6  d 'Etudes  Mini 6re, 
Brussels.  1914-18,  Mgr.,  Lead  mui^  Cursa  and  Soldado,  and  Technical  Mgr. 
New  Cerdenillo,  eilver-^ad  mines.  La  Carolina,  Spain. 

Present  position:  Mgr.,  Soci6t£  Curas  et  Soloado  de  Carolina. 

Donald  Cook  Wllkie,  Serembau,  Federated  Malay  States. 

Proposed  by 

Bom  1879,  Dundee,  Scotland.  Brothers'  school,  Penang,  Straita  Settlements; 
Baptists'  School,  Rangoon,  Burmah;  Donaldson's  School,  Dundee,  Scotland;  1890- 
92,  Waliacetown  School,  Dundee,  Scotland.  1892-98,  Mechanical  and  electrical 
construction  and  repair  work;  engr.  experience;  drafting  room;  shop  at  sea,  Ross  & 
■  Wilkie,  Scotland.  1898-99,  Asst.  Engr.,  China  Borneo  Co.,  Ltd.,  Saudakan,  B.  N., 
Borneo.  1901-03,  Salvage  Depot.,  Tangon^  Pagar  Dock  Co.,  Ltd.,  Singapore.  .  1903- 
10,  Engr.,  Pyritical  Ore  rnBtallation,  Suogei  Bcsi  recovery  of  tin  stone  from  arsenical 
and  sulphurous  ores,  The  Straits  Trading  Co.,  Ltd.,  Sungei  Besi,  Malay  States. 

Present  position — 1910  to  date;  Supt.  Engr.,  Linggi  Plantations  Ltd. 

The  following  persons  have  been  proposed  during  the  period  Sept.  10, 
1918,  to  Oct.  10,  1918,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  (varying  in  the  discretion  of  the  Committee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  of  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

C.  W.  Ankemj,  Colorado  Springs,  Colo. 

Proposed  by  A.  S.  Blom&eld,  Charles  E.  Van  Bameveld,  L.  S.  Hsmer. 

Born  1882,  Iowa.  1902,  High  School,  Colo.  1903-08,  Min.,  ore  crushing, 
amalgamating  and  cyaniding,  Liberty  Bell  Gold  Min.  Co.  1908-18,  Grinding, 
amalgamation,  classification,  slime  settling  and  cyaniding.  Golden  Cycle  Min.  & 
Reduction  Co. 

Present  portion:  Foreman,  fine  grinding,  amalgamation,  cyaniding.  Golden 
Cycle  Min.  &  Reduction  Co. 

William  Bangser,  Bethlehem,  Pa. 

Proposed  by  R.  M.  Bird,  Albert  P.  Spooner,  W.  R.  Shimer. 

Bom  1889,  Liban,  Russia.  1908-13,  Columbia  Univ.,  M.  E.  1913-15,  Asst. 
Supt.  of  Treatment;  1915-1916,  Supt.  of  Treatment,  Bethlehem,  Steel  Co. 

Present  position— 1916  to  date:  Asst.  Supt.,  Treatment  Dept.,  Bethlehem,  Pa. 

Elvin  Edwards  Boon,  Edp;ewood  Park,  Pa. 

Proposed  by  Graham  Bright,  G.  B.  Rosenblatt,  J.  H.  Payne. 

Bom  1890,  Chrisman,  111.  19U,  Grad.,  Univ.  of  Illinois,  B.  S.  and  E.  E.  1911- 
12,  Apprentice  and  Tester;  1913-16,  Correapondent  Min.  Sec.;  1915-17,  Commercial 
En^.,  Metal  Min.,  Westinghouae  Electric  &  Mfg.  Co. 

Present  position —1917  to  date:  Acting  Mgr.  and  Min.  Sec.,  Industrial  Sales 
Dept.,  Westmghouse  Electric  &  Mfg.  Co. 
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OlOTUtnl  BniBcaotiDL  Santiaso  de  Cuba. 

PropoKd  by  Walter  Harvey  Weed,  F.  D.  Paluchi,  Beajamin  B.  Lawrence. 

Bom  1880,  MontecoBaro,  Italy.  1893-97,  Industrial  Inst.  o(  Fermo,  Italy. 
1900-05  and  10,  Orad.,  Lifije  Univ.,  Belgium,  E.  M.  1905-10,  Prof,  of  Hydraulics 
and  Klectricity,  Glona  (Belgian)  Politecnic  Inat.  1911-12,  Mgr.,  Comp&gnie  Minifere 
et  M^allurgique  de  la  baute  Italie,  Verres,  Italy.  1913-14,  M^.,  Cumaragua 
copper  mine,  Venezuela.  1915,  at  home  in  Italy.  1015-J7,  Cons.  Engr.,  Havana, 
Caba. 

Present  position — 1917  to  date:  Mgr.,  Sindicato  Minero  de  Cuba. 

Frank  Buttrtun,  Oklahoma  Citv,  Okla. 

Proposed  bv  Irving  Perrine,  Charles  N.  Gould,  C.  W.  Shannon. 

Bom  1886,  Marietta,  Okla.  1910,  Grad.,  Univ.  of  Oklahoma,  A.  B.  1910-12, 
Grad.  Student,  Univ.  of  Oklahoma,  A.  M.  1910-13,  Chem.  and  Field  Geol.,  Oklahoma 
Geological  Survey.  Author  of  "  Glass  Sands  of  Oklahoma, "  "  Volcanic  AJsh  in  Okla- 
homa," "Cushing  Oil  Field,  Oklahoma,"  Survey  B-uUetin, 

Present  position — 1913  to  date:  Geol,  Fortuna  Oil  Co. 

Lotus  Frands  Clark,  Chile,  8.  A. 

Proposed  by  Albert  A.  Hof^an,  Ira  L.  Greninger,  Louis  R.  Wallace, 

Horn  1891,  Lowell,  Mich.  1914,  Grad.,  Colorado  School  of  Mines,  E.  M.  1912 
(Summer),  Mine  surveying  and  mapping^  Michigan  Gypsum  Co.,  Grand  Rapids, 
Mich.  1914,  Diamond  drill  helper;  claaainer  man,  cyanide  mill,  Hedley  Gold  Min. 
Co.,  Hedley,  B.  C,  Canada.  1914-15,  Junior  Mm.  Engr.,  V.  8.  Civil  Service, 
Bureau  of  Mines,  Pittsburgh,  Pa.  1915,  Supervisor,  rectification  of  holder  oils, 
Deep  Water  plant,  E.  I.  Dupont  de  Nemours  Co.,  Deep  Water,  N.  J.  1915-16, 
Chem.,  Smokeleea  Powder  Dept.,  Experimental  Station,  Du  Pont  Co.,  Wilmington, 
Del. 

Present  position — 1916  to  date:  Chem.,  Andes  Copper  Min.  Co.,  Potrerillos. 

Retd  Burchfleld  Cochran,  Aire  Libre.  Puebla,  Mex. 

Proposed  bv  Edward  L.  Dufourcq,  Adolph  Martinez,  D.  C,  Brown. 

Born  1880,  Cadiz,  (Jhio.  Cadii  Public  Schools.  1899,  Grad-,  Cadiz  High  Scliool. 
1899-1901.  PVankUn  College  New  Athens,  Ohio.  1901-05,  Case  School  of  AppUed 
Science,  Cleveland,  Ohio,  B.  S.  and  E.  M.  1905,  Engr.  Corp.,  Cleveland  &  Pittsburgh 
Division  of  Pennsylvania  R.  H,  1905-09,  Surveyor  and  Assayer,  Oompaliia  Met- 
E^urgica  Mexicana,  Sierra  Mojada,  Coahuils,  unit.  1908-09,  Mine  Foreman,  Compafiia 
Met«lurgica,  San  Pedro.  San  Luis  Potosi  unit.  1909-12,  Mgr.,  Compafiia  Minera 
el  Barreno  y  Aimexas,  S.  A.  San  Pedro,  S.  L.  P.,  .Mex.  1913,  Asst.  Supt.,  Santa 
Gertrudis  mine,  Pschuca,  Hidalgo,  Mex.     1914^17,  Examining  Engr.,  unattached. 

Present  position— 1917  to  date:  Mine  Supt.,  The  Tezuitlan  Copper  Co. 

Thomas  Cooper  Connar,  Zanesville,  Ohio. 

Proposed  by  Saoford  B.  Belden,  S.  A.  Taylor,  F.  A.  Ray. 

Born  1845,  New  Concord,  Ohio.  1897,  Grad.,  Muskingum  College,  A.  B.;  1871, 
A.  M.  1869-1872,  Asst.  Engr.  for  J«uis  Niokerson,  St.  Louis,  IVIo.  1872,  Civil 
Engrs.,  Cruse  Park  &  Co.,  Texas.  1875-80,  Surveys  and  contracting,  Ohio.  1880-84, 
Fingr.  on  constr.,  Muskingum  County  Ry.  1884-86,  Various  surveys  and  geol.  work 
for  oil  BJid  coal.  1886-88,  Res.  Engr.,  Constr.,  Kilbuck  branch  of  the  C.  A.  &  C.  Ry. 
1888,  County  Surveyor,  Muskingum  County,  Ohio.  1896,  Min.  Engr.,  McKinney 
4  HiiKgins,  Ohio.  1800,  Cons.  Engr.,  H.  C.  &  I.  Co.,  Cleveland,  Ohio.  1904, 
Min.  Engr.,  Tropic  Min.  Co. 

Present  position:  Chief  Engr,  Zancsville  Coal  Co.,  Tropic  Min.  Co.  and  Standard 
Hocking  Coal  Co. 

Walter  Grey  Crichton,  Charleston,  W.  Va. 

Proposed  by  J.  S.  Cheyney,  D.  M.  Stackhouse  Andrew  B.  Crichton. 
Bom    1888,    Phillipsburg,  Pa.     1908-10,  West  Virginia  Univ.     1911-16,  Min. 
Eiwr.,  Blue  Creek  Coal  &  Land  Co.,  Charleston,  W.  Va. 

Present  po8ition^l916  to  date:  Private  mining  engineering. 

Edwin  Olivet  Daue,  Easton,  Pa. 

Proposed  bv  A.  MocDonald,  R.  B.  Eldredge,  Horace  F.  Lunt. 

Bom  1879,  Woodland,  Wis.  1888-95,  Fubhc  Schools,  Milwaukee,  Wis.  1896-98, 
High  School,  Milwaukee,  Wis.  1900-03,  Grad.,  Michigan  College  of  Mines, 
Houghton,  Mich.,  B.  S.  and  M.  E.  1903,  Draughtsman,  Philip  Argall,  Denver, 
Colo.     1903-04,  Engr.,  Assayer  and  Mine  Foreman,  La  Leonesa  Min.  Co.,  Matagalpa, 
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Nicaragun.  1906,  Engr.  of  Conatr,,  Mountain  Copper  Co^  Ltd.,  Mftrtinei.  CaL; 
Engr.,  Imperial  Copper  Co.,  Silverbell,  Arii.  i90i&'07,  Engr.,  Minaa  Dolorea  y 
Anexas,  Matehuala,  8.  L.  P.,  Mexico.  1907-08,  Supt  Heforma  Min.  and  Mill. 
Co.,  Campa  Morada,  Gto,,  Mexico.  1908-09,  Mer.,  Cia.  Minera  1»  Qulmica  y 
Anexas,  Toluca,  Mexico.  1909-12,  Mine  Mgr.,  Piduciarv  Co.,  Chicago,  DL  1912-13, 
Cone,  practice,  Chicago.  1913-15,  Field  Edkt.,  Mines  Co.  of  America;  Mgr.,  Dolores 
Minea  Co.,  Chihuahua,  Mexico.  1916-16,  Cons,  practice,  Los  Angeles,  Cal.  1917, 
Gen'l  Supt.,  PrimoH  Min,  and  Mill,  Co.  and  PrimoB  Chemical  Co.,  Lakewood,  Colo, 
1918,  Mill  and  Cyanide  Supt. ;  cona  practice;  Tough-Oakea  Gold  Mines,  Ltd.,  Ont,, 
Canada. 

Present  poution:  Capt.,  Engra,  Corps,  U.  S.  A, 

Sumner  Ford  Baton,  Colombia,  S,  A. 

Proposed  by  H.  A.  Guess,  William  F.  Ward,  C,  J.  London. 

Bom  1884,  Watertown,  Wis.  Central  High  School,  Minn«apolvt,  Minn.  1  jt. 
Univ.  of  Minn.  1902-04,  Underground  work,  various  Western  mines.  1904-00, 
Shift  Boss,  Contr.,  general  underground  work  and  shaft  sinking.  Old  Mexico.  1907- 
08,  Shift  Boss,  Eureka  mine.  Globe,  Ariz,  1909-10,  Prospecting.  1911-12,  At 
Home,  Tacoma,  Wash.,  other  businms.  1912-14,  Contr.,  Britannia  Min,  A  Snielt, 
Co.,  Britannia  Beach,  B,  C,  1914-17,  Mine  Foreman,  Vantrent  Min.  Co.,  Dairj' 
Farm  mine,  Vantrent,  Cal. 

Present  position — 1917  to  date;  Supt.,  Guamoco  Min.  Co. 

SUnzo  Endo,  Tokyo,  Japan. 

Proposed  by  S,  Yamanouchi,  H.  W.  Hardinee,  A.  E.  Blackwood. 

Bom  186fi,  Sendai,  Japan.  1890,  Grad.,  College  of  Engineering,  Tokyo  Imperial 
Univ.  1890-5,  Chem.,  sulphuric  acid  and  alkali  works,  owned  by  The  Japanese 
Imperial  Household. 

Present  position — 1895  to  date:  Supt.,  The  Kanto  Sanso  Kabushiki  Kaisha 
(The  Eastern  Acid  and  Alkali  Co.,  Ltd.),  Oji,  Jaoan, 

Horace  Reynolds  Graham,  Chile,  8.  A. 

Proposed  by  Pope  Yeatman,  Reno  H.  Sales,  J.  F.  Kemp,  Fred  Hellman. 

Bom  1886,  New  York,  N.  Y.  Grad.,  Horace  Mann  School.  1908,  Cohimbia 
Univ:  School  of  Mines,  E.  M.  1907,  Mucker,  Timberman's  Helper,  etc..  Vindicator 
mine,  Cripple  Creek,  Colo.  1908,  Fireman,  Scaleman,  sampler  roasters;  Millman, 
Callow  tanks,  Wilfley  tables,  vanners;  1008-09,  Construction  Engr.,  Hydro-electric 
plant;  1909-10,  Operator,  Hydro-electjic  plant,  construction  work,  mill  erection,  re- 
verberatory  furnace,  blowing  engine,  draftmg,  office  mappinjc,  test  work,  part  inventor 
Watterson  screen,  experimental  mill  work;  Foreman,  sampling  mill,  mme  examina- 
tion, Nevada  Consolidated  Capper  Co.  1910-11,  Construction  Engr.;  1911-15, 
Surveyor,  Surface  Boss,  Shift  Boss,  Foreman,  Asst.  Sunt.,  General  Underground 
Foreman;  1915-16.  Acting  Mine  Supt.;  1916-18,  Mine  Supt.,  Braden  Copper  Co., 
Rancagua,  Chile,  8.  A. 

Present  position;  General  Min.  Supt.  and  Welfare  Mgr.,  Braden  Copper  Co. 

William  Grlffltlia,  Anyox,  B.  C,  Canada. ' 

Proposed  by  A.  J.  Bone,  John  T.  Dillon,  William  J.  Hamilton. 

Bom  1884,  Qorleston.  1899,  Grad.,  Day  Street  British  School,  Hull,  Enkland. 
1910-11,  Sampling  in  concentrator,  Anaconda  Copper  Min.  Co.,  Great  Falls,  Mont. 
1911-14,  ^mpling  on  converter  floor.  Anaconda  Copper  Min,  Co.,  Great  Falls, 
Mont.:  Skimming  12-ft,  basic-lined  converters. 

Present  position — 1914  to  date;  Smelter  Statistician. 

Walter  Elbridgs  Hadley,  Gary,  Ind. 

Proposed  by  Richard  S.  McCaffery,  W.  J.  Mead,  W.  O.  Hotchkias, 

Bom  1882,  Cambridge,  Mass.  1904,  Maes.  Institute  of  Tech.,  S.  B.  1904-05, 
Draftsman;  1905-06,  Chemist;  1906-10,  Aast.  Supt.,  Blast  Furnace,  National  Tube 
Co.,  McKeesport,  Pa.  1910-16,  Aast.  Supt.  and  Supt.,  Blast  Furnace,  Tenn.  Coal, 
Iron  &  R.  R,  Co.     1916-18,  Pres,,  Trojan  Electric  Steel  Co.,  Chicaao,  III. 

Present  position:  Asst.  Gen'l  Supt.,  Gary  Works,  Illinois  Steel  Co. 

Grant  Holmes,  Danville,  111. 

Proposed  by  Samuel  A.  Taylor,  W.  W.  Keefer,  Julius  W.  Hegeler. 

Bom  1865,  Gallon,  Ohio.  Gen'l  education,  1880-84,  Apprentice  as  mach., 
Huber  Mfg.  Co.,  Marion,  Ohio,  1884-93,  Foreman  and  Asst.  Supt,,  Marion  Steam 
Shovel  Co,,  Marion,  Ohio,     1893-1910,  Mach.  business,  Robert  Holmes  &  Brother, 
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Dftnville.  Ql.  1910,  Helped  develop  coal  stripping  shovele  and  methods  of  operation; 
Dir.,  following  coal  companies:  Beach  Flats  Co.,  Brugh  Hun,  Ohio;  Two  Rivers, 
Carbon  Hill  Co.,  Danville,  11!.;  Kebota  Min.  Co.,  Pittsburgh,  Pa. 

PiWnt  poBition — 1910  to  date;  Prea.,  Robert  Holmes  &  Bro.,  Inc. 

Caleb  Lee  Bonie,  Muscle  Sboala,  Ala. 

Propoaed  by  R.  E.   Rightmire,  Frank  Haas,   N.  H.  Emmons  2d. 

Bora  1888,  Gold  Rock,  N.  C.  1906,  Crammer  School.  1906-09,  Davidson 
ColJeKe.  190»-10,  Grad.,  Randolph  Macon  College,  B.  S.  1910-13,  Motive  Power 
Division,  Atlantic  Coast  Line  R.  R,  1913-17,  Engr.  ot  Teats,  Stonega  Coke  & 
Coal  Co.,  Big  Stone  Gap,  Va. 

Present  position— 1917  to  date;  Combustion  Engr.,  Air  Nitrates  Corpn. 

Arthnr  Himgelmanu,  Gai?    Ind. 

Proposed  by  Richard  8.  MeCaffery,  W.  J.  Mead,  W.  O.  Hotchkisa. 

Bom  1880,  Columbus,  Ohio.  1902,  Grad.,  Ohio  State  Univ.,  B.  S.  1902-03, 
Analyst,  Carnegie  Steel  Co.,  Duquesne,  Pa.  1903,  Analyst,  Clairton  Steel  Co., 
Clairton,  Pa.  1903-04,  Aaat.  Chem.  Slosa  Sheffield  Iron  &  Steel  Co.,  Krmingham, 
Ala.  1904-05,  Office  ot  Clevelftnd  Car  Service,  Cleveland,  Ohio.  1905,  Asst. 
Chem.;  1905-11,  Chief  Chera.,  Carnegie  Steel  Co.,  Columbus    Ohio. 

Present  position — 1911  to  date:  Chief  Met.,  llunois  Steel  Co. 

Tames  Edward  HcGuiie,  Washington,  D.  C. 

Proposed  by  A.  W.  Stockett,  Harvey  S.  Mudd,  Alfred  G.  White. 

Bom  1873,  Grass  Valley,  Cal.  1881-92,  Public  Schools,  Cal.  1894-98,  Univ.  of 
California.  1898,  Grad.  Univ.  of  California,  B.  8.  1899-1901,  Material  Clerk  and 
Inatrument  Man;  1901-02,  Instrument  Man,  Santa Fe  R.  R.  1902^  Sampler;  1902-03, 
Surveyor;  1903  Shift  Boss;  1903-04,  Mine  Foreman;  1904,  Underground  Mgr., 
Witwatersrand  Deep  gold  mine,  Johannesburg,  Trans.  1904-05  Acting  Mgr.  Knight 
Central  mine.  1905-06,  Underground  Mgr.,  Witwatersrand  Deep  Gold  Min.  Co., 
Johaimeeburg.  1907-09,  Mine  Foreman  and  Underground  Mgr.,  Simmer  Deep, 
Johannesburg.  1909,  Mgr.,  Jupiter  Gold  Min..  Johannesburg.  1909-11,  Min.  Engr., 
S.  Neuman  &  Co.,  Rhodesia.      1912,  Diamond  digging.     1912-17,  Mgr.  of  following 

Sold  mines,  Johannesburg,  Transvaal,  S.  Africa:  Simmer  Deep,  Robinson  Deep, 
upiter,  Witwatersrand  Ifeep. 

Present  position — 1917  to  date:  Min.  Engr.,  Bureau  of  Mines. 

H.  D.  Mcintosh,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  J.  McD.  Porter,  C.  Wolfle. 

Bom  1867,  Mt.  Uniackc,  N.  H.,  High  School.  N.  8.  and  U.  S.  1886-92,  Miner, 
Black  Hills,  S.  D.  1893-1901,  Shift  Boss  and  Foreman,  Golden  Reward  Min.  Co., 
Deadwood,  S.  D.  1901-05,  Shift  Boss,  I>e  Roi  Min.  Co.,  No.  2,  Rossland  B.  C. 
1906-08,  Mine  Supt.,  British  Columbia  Copper  Co.,  Greenwood,  B.  C.  1909-11, 
Min.  for  self,  British  Columbia  and  U.  S. 

Present  position — 1911  to  date:  Mine  Supt.,  United  Copper  Min.  Co. 

Henry  Sinclair  lIcKay,  Cananea,  Sod.,  Mexico. 
Proposed  by  L.  D.  Ricketts,  W.  B.  Gohring,.John  A.  Rice. 
Bom  1878,  Quyon,  Canada.    1906,  Grad.,  Univ.  of  Minnesota,  E.  M.     1905-07, 
En».,  Calumet  &  Arizona  Min.  Co.,  Bisbee,  Arii. 

Present  position — 1907  to  date:  Supt.,  Democrata,  Cananea,  Sonors  Copper  Co. 

William  Caperton  McNutt,  Elk  City,  Idaho. 

Proposed  by  L.  K  Armstrong,  J.  McD.  Porter,  Francis  A.  Thomson. 

Bom  1862,  Paint  Bank,  Va.  1881-82,  Axman  to  Transitman,  N.  Y.  C.  &  St.  L. 
R,  R.  1883,  Tranaitman,  B.  R.  &  P.,  Pa.  1884,  Preliminary  survey,  LaCrosse  Iowa 
A  Southwestern,  Mo.  and  la,  188&-87,  Aset.  Engr.,  constr.  and  water  supply,  Chicago 
Burlington  R.  R.  1888-92,  Asst.  Engr.,  constr.,  charge  of  locating  parties.  1892- 
97,  Min.  and  prospecting  in  Ida.  1898-9,  Foreman,  Eureka  &  Pacific  Placer  Co., 
Herce  Dist.,  Ida.  1900,  Supt.,  Gold  Creek  Min.  Co.,  Pierce  Dist.  1901,  Miner  and 
Engr.,  Finch  &  Campbell,  Blue  Jacket  mine,  Ida.  1902-05,  County  Surveyor.  1902- 
08,  Engr.  Office,  Gran geville  Ida.  1908,  Cona.  Engr.,  Graham-Ross  Co.  operating 
Anaconda  mine,  Newsome  Dist.  1909-10,  Engr.  and  Supt.,  Golden  Scale  Placer 
Co.,  Elk  City  Dist.  1911-14,  Developing  personal  property.  1914-16,  Cons.  Engr., 
Black  Pine  Min.  Co, 

Present  position— 1916  to  date:  Gen'l  Engr.  Office. 


ifl  by  Google 


xlviii  Monthly  Bulletin  No.  143,  November,  1918 

Jalm  Al«xutder  HacCuUoch,  PlatteviUe,  Wis. 
PropOBed  by  Ralph  E.  Davia,  R.  J.  St.  Germain,  W.  N.  Smith. 
Bom   1878,  Northfield,   Minn.     1901,    Grad.,    Carleton    College,    Northfield, 
Minn.,  B.  8,     1907,  Grad.,  Univ,  of  Wisconsin.     1906-0?,  Exploration  work  and 
proBpecting,  Cobalt  Region,  Canada,  for  0.  K.  Leith,  Univ.  of  Wisconsin,  Madison, 
Wis.     1908-18,  Zinc  Mm. -Operating  Forxie,  Vinegar  HiU  Zinc  Co.,  Platteville,  Wis. 
Present  position:  Gen'l  Supt.,  Vinegar  Hill  Zinc  Co. 
Clement  Huold  Hace,  Denver,  Colo. 

Proposed  by  James  M.  McClave,  George  E.  Collins,  I^Vank  Bulkley. 
Bom  1882,  Dunlap,  la.  1906,  Grad.,  Umv.  of  California,  B.  S.  1906-08,  Explora- 
tion .Engr.,  Tonopah  Syndicate,  Tonopah,  Nev.  1909,  Mice  Supt.,  Pioneer  Starl^ht 
Dev.  Co.,  Pioneer,  Nev.  1910,  Engr.  Colorado  River  Hydro-electric  Co.;  Assaver, 
Surveyor,  Mary  Murphy  Gold  Min.  Co.,  Romley,  Colo,  1911-12,  Field  Engr.,  Cni- 
versal  Smelt.  A  Refin.  Co.,  Denver,  Colo.  1912,  Surveyor,  Arizona  Copper  Co., 
Morenci,  Arii.  1913,  Smelter  Supt.,  North  Carolina  Partridge  Smelt.  Co.,  Charlotte. 
N.  C.  1914-15,  Smelter  Supt,,  Thornton  Lead  &  Steel  Corpn,,  Chariotte,  N.  0. 
1915-16,  Gen'l  Supt.,  Vulcan  Mines  &  Smelter  Co.,  Vulcan,  Colo. 

Present  position— 1016  to  date:  Mgr.,  Technical  Dept.,  Business  Men's  Clearing 

Albert  George  Noellat,  Victoria,  Australia. 

Proposed  by  Robert  Sticht,  Robert  P.  Roberts,  Charles  E.  Coote. 

Born  1889,  Noumea,  New  Caledonia.  1906,  Matriculated  in  Science,  La  Per- 
housc  College,  Noumea.  1912,  Technical  College,  Sydney,  N,  S.  W.,  diploma  of  M.  K 
1912-14,  Asst.  in  ore  and  metal  buying  dept.,  W.  and  J.  Lempriere,  1914,  Investi- 
gating mckel  and  copper  prospects,  later  Engr.,  New  Caledonia.  1915-16,  Member  of 
Assaying  Laboratory  staff,  McLyell  Min.  &  Ry.  Corpn.,  Tasmania.  1917,  Eiperi- 
mentin^.on  separation  of  minerals  in  complete  concentrates  by  leaching,  flotation  and 
magnetic  separation. 

Present  position— 1917  to  date:  Experimenting  Met.,  O.  T.  Lempriere  4  Co. 

Tos6  de  Paiva  Oliveirs,  Minas  Geraes,  Braiil. 

PropoBed  by  John  C.  Branner,  Horace  E.  Williams,  Jorge  Belmiro  de  Aroujo  Ferraz. 

Bom  1885,  Itu,  Estado  S.  Paulo,  Brazil.  Mackenzie  College,  S.  Paulo,  Brazil. 
Private  tuition,  London.  1909-13,  Royal  School  of  Mines  Diploma,  A.  R.  S.  M., 
London.  Imperial  College  of  Science  &  Technology  Diploma  (D.  I.  C)  London. 
1913-14,  Cons.  Min.  Ener.,  Rio  de  Janeiro,  Brazil.  Appointed  Professor  of  Geol., 
Mineralogy  and  Chem.,  Eecola  Superior  deAgricultura,  Federal  Government  of  Brazil, 
1915-18,  Cons,  Min,  Engr.;  Owner  Zirconia  mines,  Caldas  and  Cascata  dist.,  Brazil, 
Mining  Correspondent,  Bewick,  Moreing  &  Co.,  London;  Ridge,  Beedle  &  Co.,  Glas- 
gow, Scotland  and  Byington  &  Co.,  S.  Paulo  and  Nev  York;  St.,  Institute  Min. 
&  Metallurgy,  London. 

Present  position:  Owner  and  Mgr.,  Zirconia  and  Manganese  Mines,  Bruil. 

Frank  Keehn  Orit«,  Seattle,  Wash. 

Proposed  by  E.  A.  Holbrook    H.  H.  Stock   0.  M.  Young. 

Bom  1882,  Mineral  Point,  Wis.  Miner^  Point  High  School.  1901-05,  Grad., 
Univ.  of  Michigan  B.  S.  1905-06,  Inatr.  in  Chem.;  1906-07,  Chem.  for  Engrg.  Ex- 
periment Station,  Univ.  of  Illinois,  1907-14,  Asst.  Chem.,  research  on  fuels,  U.  S. 
Bureau  of  Mines,  Pittsburgh,  Fa.  1914-17,  Mfg.  of  coke  and  gas  from  Ulinois  eoa), 
ir.  8.  Bureau  of  Mines,  Urbana,  111.  1917-18,  Fuel  Engr.,  UTS.  Bureau  of  Mines, 
Washmgton,  D.  C. 

Present  position:  Supt.,  Northwest  Station,  Bureau  of  Mines. 

Bhupendra  natli  Ray,  Behar,  India. 

Proposed  by  G,  H.  Clevenger,  W.  W.  Case,  Jr.,  H.  W.  Young. 

Bom  1889,  Calcutta.  190S-H,  Univ.  of  Calcutta,  B.  S.  1911-12,  Univ,  of  Cali- 
fornia. 1913-14,  Leland  Stanford  Junior  Univ,,  M.  A.  1912-14,  Joint  author  with 
G.  H.  Clevenger,  paper  entitled  "The  Influence  of  Copper  upon  the  Physical  Prop- 
erties of  Steel."     1917-18,  Asst,  Mgr,,  Damoderpore  Colliery,  Bengal  Coal  Co,,  Ltd. 

Present  position:  Asst.  Mgr.,  Chapui  Colliery,  Messrs,  H.  V.  Low  &  Co. 

Ralph  Webster  Richards,  Washington,  D.  C. 

Proposed  by  A.  F.  Lucas,  David  White,  George  Otis  Smith. 

Born  1879,  Waterville,  Mc.  1901,  Colby  College,  A.  B.  1902,  Tufts  College, 
M.  A.  1907-13,  U.  S.  Geo!.  Survey.  1913-15,  S.Tearson  &  Son,  Ltd.  1915-16, 
Associated  Geol.  Engis. 

Present  position — 1916  to  date:  Geol.,  Petroleum  Exploration  Inc. 
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Wlliam  Alexuider  SctileBlager,  Denver,  Colo. 

Proposed  by  Karl  L.  Kithil,  H.  L.  Brown,  W.  P.  Gary. 

Born  1886,  New  York,  N.  Y.  1907-05,  School  of  Mines,  FVeiberg,  Saotony. 
1908-10,  Univ.  of  KarlBrute.  1910-12,  Univ.  of  Heidelbei^,  Ph.  D.  1913,  Chem., 
Standard  Chemical  Co.,  Pittsburgh,  Pa.  1913-14,  Director,  W.  H.  Schleainger 
laboratory.  New  York  and  Princeton. 

Present  po8ition~1914  to  dater  Vice-pres.  and  Tech.  Director,  Schleainger 
Radium  Co. 

Alexander  SilvennaniPittsburRh,  Pa. 

Proposed  by  Fred  L.  Wolf,  L.  W.  Olson,  M.  E.  Wadsworth,  S.  L.  Goodale. 

Bom  1881,  Pittsburgh,  Pa.  1902,  Univ.  of  Pittsburgh,  Ph.  B.;  1907,  M.  S. 
1905,  Cornell  Univ.,  A.  B.  1902-04,  Chem.,  Macbeth-Evans  Gla-w  Co..  PittsburRh. 
1905-09,  Instr.  in  Chem.;  190&-12,  Aaat.  Prof.;  1912,  Prof,;  1913-14,  Acting  Dir., 
Dept.  of  Chem.,  Univ.  of j  Pittsburgh. 

Present  position — 1914  to  date:  Active  Head,  School  of  Chem.,  Univ.  of 
Pittsbui^b. 

Oliver  Smaller,  Northumberland,  England. 

Proposed  by  J.  E.  Stead,  R.  A.  Hadfield,  William  Jones. 

Bom  1889,  Chesterfield,  England.  Grad.,  Chesterfield  Grammer  School,  Sheffield 
University  and  Bradford  Technical  College  with  diplomas.  1906-U,  Asst.  Chem.; 
1911-13,  Ch.  Asst.  Chem.,  research  laboratory,  CammeU  Laird  &  Co.,  Ltd.,  Sheffield, 
England.  1913-14,  Ch.  Met.  and  Chem,,  W.  Scott  Engineermg  Co.,  Ltd.,  Bradford, 
England. 

Present  position — 1914  to  date:  Chief  Met.,  U.  S.  Research  Laboratories. 

GtOTge  A.  Stahl,  Denver,  Goto. 

Proposed  by  Louis  S,  Noble,  J.  C.  Roberts,  Nelson  Franklin. 

Bom  1870,  Lockport,  N.  Y.  1888,  Grad.,  E.  Denver  High  School.  1888-1900, 
Banking  in  Denver.  1900-01,  Asst,  Sec'y,  Union  Gold  Extraction  Co.,  Florence,  Colo. 
1901-18,  Asst.  Sec'y,  now  Sec'y,  and  Gen'l  Mgr,,  Vindicator  Cons.  Gold  Min,  Co. 
Denver,  Colo,  1905-18,  Sec'y,  Public  Ore  Sampler,  Eagle  Ore  Co.,  Cripple  Creek, 
Dist.  1916-18,  Sec'y,  Operatmg  Tungsten  Ores,  Rare  Metals  Ore  Co.,  RoUinaville, 
Colo.  1916-18,  Seo'v,  Ferro  Alloy  Co,,  Denver,  Colo,  1916-18  Sec'y,  Black  Metal 
Mines  Co.,  RoUinaville,  Colo, 

Present  position:  As  above. 

Ward  Orr  Steinheimer,  Herrin,  III, 

Proposed  by  Gilbert  H.  Cady  E.  A.  Holbrook.  F.  W.  DeWolf, 

Bom  1891,  Benton,  111,  Public  and  High  School;  Missouri  School  of  Mines. 
1911-13,  Rodman,  Putman  EngTK.  Co.  1914,  Instnimentman,  Putman  &  Mauts. 
1915,  Mgr,,  Mautz  &  Co,,  Herrin,  III.  1915-17,  Chief  Engr.,  Southern  Illinois  Engrg. 
Co,,  Herrin,  III, 

Pr^ent  position:  Chief  Engr.,  Southern  Illinois  Engrg.  Co. 

Tolin  L  Thompson,  Pittsburgh,  Pa, 

ftoposed  by  C.  Kemble  Baldwin,  R,  K.  Stockwell,  H.  W,  Young. 

Bom  1883,  Braddock,  Pa.  1909,  Grad,,  Leland  Stanford  Jr.  Univ.,  Cal.,  A.  B. 
1899-1905,  Office  Boy,  Tracer,  Draftsman,  Machine  Shop,  Colorado  Fuel  &  Iron  Co,, 
Pueblo,  Colo,  1905-09,  Student,  Stanford  Univ.  1909-10,  Draftsman  and  Asst. 
to  Constr,  Engr.  Youngatowa  Sheet  &  Tube  Co.,  Youngstown,  Ohio.  1910-12,  De- 
signer and  Checker,  Republic  Iron  &  Steel  Co.,  Youngstown,  Ohio.  1912-16,  De- 
signer, Squad  Leader,  Asst,  Chief  Draftsman,  Chief  DraJtsman,  Asst.  Engr.,  Koppers 
Co.,  Pittsburgh,  Pa, 

Present  position— 1916  to  date:  Chief  Engr.,  The  Koppers  Co. 

Walter  William  Weissbach,  Stoddard,  Ariz. 

Proposed  by  S.  E,  Chancy,  Horace  V.  Winchell,  H,  C,  Wilmot. 

Bom  1886,  Cincinnati,  Ohio,  1907-11,  Ohio  State  Univ.  1915-16,  Grad,,  Holla 
School  of  Mines,  B,  S,  1911-12,. Engr  Carbon  Block  Coal  Co,,  Cincinnati,  Ohio. 
1912-13,  Engr.  and  Supt.,  Wagner-Azunte  Copper  Co,,  Springfield,  Ohio,     1913-14, 
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George  Cutler  VeitbT,  Elifabeth,  N.  J. 

Proposed  by  Arthur  E,  Wella,  A.  P.  Watt,  Walter  E.  Gaby. 

Bom  1879,  Loadon,  EnEUnd.  19(U,  Grad.,  Univ.  of  Montana,  Mech.  £kiKTK.; 
Poet  Grad.,  M.  S.  1901-03,  Smeltermon,  Chem.,  Chief  Chem.,  Anaconda  Copper  Mm. 
Co.  1903-05,  Experimental  and  Testing  Experimental  Met.,  Utah  Cons.  Min.  & 
Smelt.  Co.,  Murray,  Utah.  1906-07,  Mme  Surveyor,  Aasayer,  Twin  Buttes  Min.  4 
Smelt.  Co.,  Twin  Buttes,  Ariz.  1907-09.  Met.  testing  and  experimental  experience, 
NevadaCons.  Copper  Smelt.  &  Min.  Co.,  Ely,  Nev.  1909-11,  Supt.,  Copper  Mountain 
mine,  Grants  Pass,  Ore.  1911-14,  Research  Met.,  Met.,  leaching  plant,  NevadaCons. 
Smelt.  &  Min.  Co.,  Ely,  Nev.     1914-18,  Met.,  Nevada  Dougras  Cons.  Min.  Co. 

Present  position :  Met.  American  Smelt.  Min.  &  Refin.  Co, 

Thomas  A.  Wetzel,  Los  Angeles  Cal. 

Proposed  by  George  W.  Mark,  T.  D.  Walsh,  R.  C.  Jacobson. 

Bom  1881,  Scandia,  Kan.  1896,  PubUc  Schools,  Lincoln  Nebr.  1897,  Lincoln 
High  School.  1898-99,  East  Denver  High  School.  1900-03,  State  Univ.  of  Nevada, 
Reno.  1904,  Asst.  Engr.,  Burlington  System,  St.  Joseph,  Mo.  1905,  Worked  in  mines, 
Cripple  Creek,  Colo.  1906,  Supt.,  Mt.  Garms  Cons.  Min.  Co.,  Marapoaa  Co.,  Cal. 
1907,  Supt.,  Five  Bears  Min.  Co.,  Plumas  Co.,  Cal.  1908,  Supt.  GuadaluiJe  Mines 
Co.,  Ia  Cumbria,  Mexico,  1909-10,  Mgr.,  So.  American  GoM  Exploration  Co., 
Bolivia,  S.  A.  1911-1912,  Supt.,  Olla  de  Ow  Min.  Co.,  Ltd.,  U  Paz  BoUvia,  S.  A. 
1913,  Examination  work,  Arii.  1914-15,  Supt.,  Amalgamated  Gold  Min.  Co. 
1915-18,  Examination  work,  Ariz. 

Present  position:  None. 


Bom  1897,  Alleghany  City,  Pa.  1886-90,  Pittsburgh  High  Slthool.  1890-93, 
Blower  of  Blast  Furnaces,  Moorhead,  McI<Bn  A  Co.,  Pittsburgh,  Pa.  1893-95,  Blower 
of  Blast  Fumacee,  Tonawanda  Iron  Co.  1895-98,  Engr.,  Buffalo  St.  R,  R.  Co.,  Power 
House,  Niagara  St.,  Buffalo.  1898-1903,  Chief  Engr.,  Buffalo  School  Furnace  Co., 
Buffalo,  N.  Y.  1903-08,  Supt.  of  Blast  Furnace,  Belfore  Iron  Works,  Ironton,  Ohio. 
1908-10,  Mgr.,  Jackson  Iron  &  Steel  Co.,  Jackson,  Ohio. 

Present  position— 1910  to  date:  Supt.  of  Blast  Furnaces,  Illinois  Steel  Co. 

Tobn  Calvin  Wilson,  Los  Angeles,  Cal. 

Proposed  by  J.  F.  Callbreath,  E.  H.  Emerson,  B.  B.  I^wrencp. 

Born  1882,  Linneus,  Mo.  1887-95,  Public  School;  1895-99,  High  School,  Brook- 
field,  Mo.  1902-06,  American  School  of  Correapondenoe.  1910^18,  International 
Correspondence  School,  Scranton,  Pa.  1900-01,  Locomotive  Fireman,  C.  B.  A  Q. 
R.  Ry.,  Brookfield,  Mo,  1901-03,  Locomotive  Fireman,  Missouri  Pacific  Ry.,  Little 
Rock,  Ark.;  Atchison,  Kansas;  Union  Pacific,  Cheyenne,  Wvo.  1906-08,  Mp.ch.  and 
Bailer  Maker,  K  C.  M.  A  O.  Ry.,  Fairview,  Ofcla.  1908^,  Engrg.  constr.  work, 
Morris  A  Co.  and  S.  AS,  Pkg,  Co.,  Oklahoma  City,  Okla,  1909-13,  Oil-field  Engr.  and 
Constr,  Foreman  Magnolia  Pipe  Lin^'  Co.,  Dallsa,  Texas.  1913-14,  Min,  and  shaft 
sinking,  Pitcher  Lead  A  Zine  Co.,  Baxter  Springs,  Kans.  1914-15,  Mine  Foreman 
and  Engr.,  Monarch  Madona  Gold  Min.  Co,,  Salida,  Colo,  1915-16,  Min,  Engr, 
DeitB,  Wyo.  1916-17,  Asst.  Engr.,  C.  F.  A  I.  Co.,  Walsenburi:,  Colo.  1918,  AjMt. 
Bngr.,  Cona,  Coal  Co.,  Jenkins,  Ky. 

PresentpositionrErectingEngr.  and  Foreman,  Nitrate  Plant  No,  I,  Sheffield,  Ala. 

Floyd  Stephens  Toutsey,  St.  Francois,  Mo. 

Proposed  by  A,  P.  Watt.  C,  G,  Dresser,  J.  F.  Thompson. 

Bom  1878,  Loveland,  Colo.  1894-96  and  1898,  State  Agri.  College,  Colo.  1896- 
98,  Druftsm.-in,  Cambria  Iron  Co.,  Johnstown,  Pa.  1899-1902,  Draftsman,  Steanu, 
Roger  Mfg.  Co.,  Denver,  Colo.  1902-03,  Draftsman,  Min.  Dept.,  Colorado  Fuel  A 
Iron  Co.,  Denver,  Colo.  1903-04,  Estimator,  Link  Belt  Co.,  Chicafco.  1901-05,  Engr., 
Jeffrey  Mfg,  Co.,  Chicago.  1905,  Engr.  in  charge  conveyiiig  mach.  design,  Chicago, 
Milwaukee  St.  Paul  R.  R.  1907,  Colorado  Fuel  A  Iron  Co.,  Denver,  Colo.  1008, 
Engr.,  American  Smelt.  A  Refin.  Co..  Denver,  Colo.  1909-14,  Partner,  Barnes  A 
Youtsey,  Denver,  Colo.  1914-18,  Chief  Engr.,  Nat.  I>ead  Co.,  St.  Louis  Branch,  also 
cons.  work. 

Present  position:  Special  vork,  Nat.  Lead  Co.,  St.  Louis  Smelt.  A  Refia.  Co. 
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Carl  Hillard  Bohner,  Gary,  Ind. 

Proposed  by  Richard  8.  McCaffery,  W.  J.  Mead,  W.  0.  Hotchkiss. 

Bom  1890,  Altoona,  Pa.  1896-08,  Private  School,  Philadelphia,  Pa.  1912,  Grsd., 
Altoona  High  School.  1014,  Ohio  SUte  Univ.,  Colvimbua,  Ohio.  1918,  Grad.,  Ohio 
State  Univ.,  B.  A. 

Preeent  position:  Met.,  Gary  Works,  llliiiois  Steel  Co. 

Oeoig«  Ftedarick  BoUacrt,  Palmerton,  Pa. 

Propped  by  Carle  B,  Hayward,  L.  S.  Holstein,  H.  O.  Hotinan,  Chirles  E.  Locke, 

Bom  1807,  Boston,  Mass.  1901-10,  Prince  School,  Boston.  1010-14,  Enelish 
High  School,  Boston.  1914-18,  Grad.  Mass.  Institute  of  Tech.,  B.  8.  1917,  Miner, 
Ajiacoiida  Copl>er  Co.,  Leonard  mine,  Butte,  Mont. 

Present  position:  Met.  Chem.,  New  Jersey  Zinc  Co.  (of  Pa.). 

Poh'Tnan  Hu,  Httsburgh,  Pa. 

Proposed  by  S.  L.  Goodale,  Robert  M.  Black,  Roswell  K.  Johtison. 

Bom  1891,  Shanshai,  China.  1917,  Maea.  last,  of  Tech.,  8.  B.  1018,  ITniv.  of 
Pittsburgh.  1916,  Summer,  coal  mine,  Pittsburgh  Rochester  &  Baltiriore  Coal  & 
Iron  Co.,  Indiana,  Pa.  1917,  Summer,  Asst.  Oil  Geol.,  Oil  Fields,  Ky.  1918,  Steam 
and  Hydraulic  Dept.   Blast  Furnace,  National  Tube  Co.,  McKecsport,  Pa. 

Preaent  position:  Met.  Dept.,  Jonea  &  Laughlin  Steel  Co. 


Bom  1801,  Pern,  III.  1005-08,  St.  Bedes  College,  lU.  1908-11,  St.  Marys  College, 
Kana  1011-15,  Marquette  U'aiv.,  Milwaukee  Wis.,  B.  S.  1908-15, Summers,  Ulinoie 
Zinc  Co.,  Peru,  HI.    1915-16,  Draftsman,  United  Engrg.  &  foundry  Co.,  Pittaburgh 

office.     1916-18,  Colorado  Springa,  seeking  health. 
Present  position:  None. 

Junior  Associates 

Blair  Bnrwell,  Golden,  Colo. 

Proposed  bv  J.  C.  Roberta,  Victor  C.  Alderson,  I.  A,  Palmer. 

Bom  1898,  Durango,  Colo.  1909-13,  Durango  High  School.  1913-14,  Univ.  of 
Denver,  Denver,  Colo.  1916-18,  Colorado  School  of  Mines,  Golden,  Colo.  1008-13, 
Summera,  Rodman  and  Levelman,  under  my  father,  aurveying  work  and  irrigation 
orojecta.  1914  TopograDher,  W.  I.  Hoklaa,  Steamboat  Springs,  Colo.  lOlS-16, 
Accnt.,  M.  CaSery  'mioleHale  Merc.  Co.,  Denver,  Colo. 

Present  position — 1916  to  date:  Student,  Colorado  School  of  Mines. 

Eugene  Hendel  Hicks,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  I.  A.  Palmer,  Victor  C.  Alderson. 
Bom  1900,  Lasalle.  III.     1906-12,  Central  High  School,  St.  Paul,  Minn.     1912-17, 
Colorado  School  of  Mines.      1918,  3  mo.,  Minn.  By-product  Coke  Co.  Lab. 
Present  position — 1917  to  date:  Student,  Colorado  School  of  Mines. 

George  Morton  Kintz,  Denver,  Colo. 

Proposed  by  J.  C   Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1897,  Colorado  Springa,  Colo.  1912-14,  North  Side  High  School,  Denver, 
Colo.  1914-16,  Manual  Training  High,  Denver,  Colo.  1916-17,  University  of 
Colorado,  Boulder,  Colo. 

Present  position — 1017  to  date:  Student,  Colorado  School  of  Minea 

John  Samson  Snrfluh,  Golden,  Colo. 

Proposed  by  Victor  C.  Alderson,  J.  C.  Robert*,  I.  A-  Palmer. 

Bom  1808,  Cottonwood  Falls,  Kan.  1913-17,  lincohi  High  School,  Lob  Angelea, 
Cal. 

Present  position — 1917  to  date:  Student,  Colorado  School  of  Mines. 

Frederic  G.  Sefing,  So.  Bethlehem,  Pa. 

Proposed  by  Joseph  W.  Richards,  Howard  Eckfeldt,  Benjamin  L.  Miller. 

Bom  1898,  AUentown,  Pa.  1011-13,  Allentown  High  School.  1913-15,  Bethlehem 
Prep.  School  lOlS,  Lehigh  Univ.  1017,  Summer,  chem.  lab.,  New  Jersey  Zinc  Co. 
1918,  Summer,  sampling,  Great  Falls  Reduction  Dept.,  Anaconda  Copper  Min.  Co. 

Present  position:  Student,  Lehigh  Univ. 
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Change  of  Status — From  AsBociaie  to  Member 

Girftrd  B.  Itos«iibIatt,  Salt  Lake  a^,  Utah. 

Proposed  by  Ernest  Gayford,  C.  W.  Goodale,  D.  A.  Lyon. 

Bom  1881,  New  York  City.  1890-98,  Collegiate  Inst.  1898-1902^  Grad.,  Colum- 
bia Univ.,  K  E.  1902-03,  Apprenticeship  Couree;  1903,  Testing  Dept.;  igU-OS, 
Engrg.  Dept.,  Westinghouse  laectrio  &  Mfg.  Co.  1905,  VariouB  inveatijationB,  Otis 
Elevator  Co.,  Brooklyn  Rapid  Transit  Co^  United  Electric  Light  A  Power  Co.  of 
Baltimore.  1006-12,  Charge,  Butte  oSiee^  WeBtinghouse  Electric  &Mlg.  Co.  1912- 
18,  Engr.  in  charge  of  min.  work  for  Westinghouse  Electric  &  Mfg.  Co.  for  territory 
west  of  Miss.  River  including  Alaska.  In  this  position,  the  writer  is  responsible  for 
the  success  of  plant  l^Duts  and  the  application  of  electric&l  apparatus  to  the  min.  & 
met.  industries  of  the  West.  He  has  had  charge  of  the  electrical  design  of  a.  very  con- 
siderable number  of  hoisting  plants,  concentrating  mills  and  some  electro-met.  plants. 
The  design  of  considerable  electrical  apparatus  especially  used  for  met.  process  has 
been  under  his  guidance.  Has  been  engaged  in  and  directed  research  work  on  the 
Cottrell  process^  electrolytic  copper  re&ning,  etc.,  for  about  three  years. 

Present  position:  As  above. 
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Ambeican  Institute  of  Mining  Enqineehs 
standing  committees 

Bxecuiwe 

SIDNEY  J.  JENNINaS,  Cliairman 

1.  E.  JOHNSON,  JR. 
ROBERT  M.  BAYMOND 

Memberthip 

EARL  EILER8.  Chairnian 


OEORGE  D.  BARRON 
EDWIN  LUDLOW 


CHARLES  F.  RAND 


BENJAMIN  B.  THAYER 


E.  OYBBON  SPILSBURY.'  Cliairman 


Papers  and  PublicaHona 
BRADLEY  STOUQHTON,  Ohairman 


J.  C.  PAH  MELEE 
THOMAS  T.  READ 


JOSEPH  W.  RICHARDS 
OEOROE  C.  STONE 
SAMUEL  A.  TAYLOR 


ALLAN  J.  CLARE 


PHILIP  W.  HENRY 
HEINRICH  O.  HOFMAN 
WALTER  E.  HOPPER 
HENRY  M.  HOWE 
LOUIS  D.  HUNTOON 
J.  E.  JOHNSON,  JR. 


FREDERICK  Q.  COTTRELL    WILLIAM  KELLY 


ANTHONY  F.  LUCAS 
■  EDWARD  P,  MATHEW80N 
HERBERT  A.  MEORAW 
PAUL  D.  MERICA 
RICHARD  MOLDENKE 
SEELEY  W.  MUDD 


JOHN  W.  FINCH 
CHARLES  H,  FULTON 
F.LYN  WOOD  GARRISON 
ROBERT  C.  GEMMELL 
H.  W.  OILLBTT 
CHARLES  W.  GOODALE 


EDWARD  W. 


RALPH  H.  8WEETSER 
OEORGE  D.  VAN  ARSDALE 
ARTHUR  L.  WALKER 
ROLLA  B.  WATSON 
HORACE  V.  WINCHELL 
FREDERICK  W.  WOOD 
DWIGHT  E.  WOODBRIDGB 


WALTER  H.  ALDRIDGE 
WALTER  DOUGLAS 
D,  W.  BRUNTON 


Nominalitms 

I.  N0RRI3,  C*a.Vir 


Inalitvle  0/  MetaU  Dieition 

WILLIAM  M.  CORSE.  Chairman 
FRED  L.  WOLF,  Siotlarv.  Ohio  Bnia  Co.,  Msugectd,  Ohio 


J.  E.  JOHNSON,  Jb. 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

A'eiD  York 

MsetB  Hnt  WedoeBday  After  Gnt  Tuudmy  of  euh  month. 

PARMELEE,  Vut-Oairmm 
vay,  N«w  York,  N.  Y. 


ALLEN  H.  ROGERS,  Chairman 

FOREST  RUTHERFORD. 
T.  8.  DICKSON,  Brrretary,  "  " 
FT.  in 


UBIDGE 

Boston 


Meet!  flnt  Mos 


ALFRED  C.  LANE.  Chairman 

E.  E.  BUOBEE,  Stcretary-Tra 
R.  L.  AGASSI  Z 


G.  A.  PACKARD,  Fico-ctniriiu 
if  T«hDD]aiy,  Cimbridge,  Mui. 

FRED  W.  DENTOl 


9.  B.  FOWLER.  Chairman 

LYNDON  K.  ARMSTRONG, 
W.  H.  LINNEY 


J.  F.  McCarthy 

•  Until  ^eb..  Ifi33. 
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Pugel  Soutid 
M«ta  Koond  Sklurdav  ot  euh  month. 

HENRY  LANDES.  Chairman  GEORGE  E.  ROCKEFELLER,  Viettluvman 

PERCY  E.  WRIOHT,  Scrrrtani-Trtanirtr,  2012  L.  C.  Smith  Bide,,  S«tl1e,  Wuh. 

SIMON  H.  ASH.  CHARLES  8IMENSTAD 

Smahtm  Calijomia 

RALPH  ARNOLD.  Ckrirmon  WILLIAM  F.  STAUNTON,  Fiw-cAatnMM 

ALVIN  B.  CARPENTER,  SterHarvTnatvTtr,  S30  Citueu   Natioul  Bulk  Bldi..  L«  Annls.  Cil. 
A.  B.  W.  HODGES  LESLIE  C.  MOTT 

C.  COLCOCK  JONES  JAMES  W.  NEIU. 


E.  E.  COLLBRAK 
Montana 
N.  B.   BRALY,  Ciairrnan  B.  H.   DVNSHEE,   Via-dmirman 

E.  B.  YOUNO,  StirOarii-Trraturcf.  SZS  Hennay  Buildinc.  Butte,  Mont. 
F.  W.  BACORN  C.  D.  DEMOND 

San  Frandtco 


',  SccrUaryTra 


A.  C.  LAW80N,  C*aii-iMn 

T.A.RICKARD    "  ci,  aecr«incireiMi.rcr,  Ban  nmvmty  oi,.,  rmio  >ina^v.^^^^^^^ 

PenTigylvania  AnthraciU 

R.  V.  NORRIS.  r*ai>iiui> 
CHARLES  F.  HUBER,   ViM-e*ai™wn  EDWIN  LLDLOW,  Vitt-cAairmm 

W.J.  RICHARDS,  Via-eAairman  ARTHUR  B.  BTORRS.  Vier-ciairmam 

PAUL  STERLING,  Sirrttary-Triaturtr,  Lshifh  Valley  Coal  Co.,  Wilkn-Barrp,  I'm. 
DOUGLAS  BUNTING  W,  W.  INGLIS  HENRY  W.  MONTZ 

JOHN  M.  HUMPHREY  EDWARD  E.  KAERCHER  ROBERT  A.  QUIN 

iS(.  Louit 
EUOENE  MoAULIFFE.  CAoirwiii  J.  N.  H0U8ER,  ViBt-etuinnm 

VICTOR  RAKOWSKY,  Vio-cAau-inan  H.  G.  WASHBURN.  Vict-diairwian 

WALTER  E.  MoCOUHT,  Stcnlarp-Trtannr,  WMhioctOD  Unir.,  St.  Louii,  Mo. 

.,„^  —  Q_  g  COX  L.  C.  GLENN 


W.  E.  NEWNAM 
^UTHER  V.  I 


Chieago 

nuw.  Field  MuMum  ot'Nitu«"Hiijto?^.'(ih'i 


Hlatory.  C 
_,  _'.  HUtST 
FREDERICK  T.  SNYDER 

Utah 

WILLIAM  WRAITH,  Chairman  'CECIL  FtTCn,  Via-duarman 

F.  O.  MOSES.  Seenta,TV-TTta4\iTtt,  Univenity  of  Utah,  Salt  Lake  City.  Utah. 
ERNEST  QAYFORD  E.  R.  ZALINSKI 

Ariiona 
L.  O.  HOWARD,  C*a.i 


F,  W.  MACLENNAN  R.  E.  TALLY 

R.  E.  H.  POMEROY.  Chairman  J.  C.  JONES.  Vietthairmaa 

HENRY  M.  RIVES,  StauaTU-THanrn.  210  Reno  National  Bank  BIda..  Reno,  Nft. 
W.  H.  BLACKBURN  FREDERICK  BRAD5HAW  C.  B.  LAKENAN 

EHMBT  D.  BOYLE  J.  W,  HUTCHINSON  WHITMAN  SYMMES 

JOHN  G.  KIRCHEN 

Mexico 

(Inatituto  MeiicaoD  de  Minui  y  Metaliuiia) 

VICTOR  M.  BRASCHI,  Chatrman,  Committee  on  Orfuiiatton 

TlU»a 

ALP.  0.  HEGOEM,  Chairman  ALEXANDER  DEUSSEN,  Viir-^airma* 

CHARLF.S  H.  TAYLOR,  Vtn-cAatnun 
M.  M.  VALERIUS,  Junior  Via-dairman  ERASMUS  HAWORTH,  Virr^airman 

JAMES  H.  GARDNER,  Stmitarv-Tr^atar^.  Tubu,  Oklo. 
IRVING  PERRINB  J.  J.  RUTLEDGE  S.  H.  WORRELL 
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AuERiCAN  Institute:  of  Mining  Enodtebbs  Iv 

Wtukinoton,  D.  C. 

HERBERT  C.  HOOVER.  Chair  nun 
B.  POSTER  BAIN,  V.ce-cAairman  DAVID  WHITE,  Viefdiainiun 

HARVEY  8.  MUDD,  SwrfiarB-Trtaturtr,  Room  IIU.  Dept.  of  Interior  Bldg. 
J.  P.  CAU.BREATH  HENNEN  JENNINGS  E.  W.  PARKER  T.  T.  READ 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFttlATED 
STUDENT  SOCIETIEa 

CHARLES  H.  FULTON,  Ckairman 


Viee-ehairmen 

EDWIN  C.  HOLDEN 
FREDERICK  W,  SPERR 
WALTER  R.  CRANE.  Stcrtlart,,  PeDuylvk 


LUTHER  W.  BAHNEV 
DARSIE  C.  BARD 
ROBERT  H.  BRADFORD 
SAMUEL  W.  BEYER 
GUY  H,  COX 
JOSEPH  DANIELS 
NOAH  F.  DRAKE 
FRANK  W.  DURKEE 


HOWARD  ECKFELDT 
DAVID  M.  FOLSOM 
R.  R.  GOODRICH 
CHARLES  E.  LOCKE 

JAMES  F.  McClelland 

HARRY  6.  MBLLER 
WALTER  a.  MORLET 
HENRY  S.  MUNROE 


GEORGE  J.  YOUNG 

::oii«(«.  suts  coiiscc,  Pb. 

CHARLES  J,  NORWOOD 
H.  C.  PARMELEE 
GEORGE  B.  RAYMER 
HEINRICH  RIES 
HENRY  L.  SMYTH 
HARRY  H.  STOEK 
FRANCIS  A,  THOMSON 
CLINTON  M.  YOUNG 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

J.  V.  N.  DORR,  Chairman 
FOREST  RUTHERFORD,  Ftrit  Vitt-dnirman 
H.  C.  PARMELEE,  aocrildrv.  Clum.  dt  Mil.  Eng..  lOth  Ave.  &  3etb  St..  New  Vo 


L.  K.  ARMSTRONG 
C.  H.  BENEDICT 
ELI  T.  CONNER 
DORSBY  HAGER 
G.  P.  HULST 


FRANK  L.  ANTI3ELL 

C.  E.  ARNOLD 
FRANKLIN  BACHE 

D.  C.  BARD 
LOUIS  V.  BENDER 
HAMUEL  W,  BEYER 
NORMAN  B.  BRALY 


ALAN  BRUYERE 
FRANK  BULKLEY 
FRED  CARROLL 
THOMAS  H.  CLAOBTT 
G,  M.  COLVOCORE8BBS 
ARTHUR  CROWFOOT 
H.  W.  DU  BOIS 
J.  A.  EDE 
L,  V,  EMANUEL 
NEWTON  W.  EMMENS 
J,  N.  ESSELBTYN 
ERNEST  GAYFORD 
CHARL£B  N.  GOULD 
H,  W.  HARDINGE 


CommUUe 

ENOCH  HENDERSON 
HERBERT  B.  HENEGAR 
FRANK  R,  HEWITT 
JOSEPH  T.  HILLES 
C.  B.  HOLLIS 
T.  A.  JANNEY 
ZAY  JEFFRIES 
OLAF  P.  JENKINS 
FRANK  G.  JBWETT 
ARTHUR  G.  JOHNSON 
F,  F.  J0R0EN6EN 
C.  8.  LAKENAN 
LEONARD  LARSON 
E.  T.  LEDNUM 
CHARLES  LEG  RAND 
EUGENE  McAULIFFE 
ROBERT  McCART.  Jn. 
JOHN  H.  McCHRYSTAL 
W.  E,  McCOURT 
V.  H.  McNUTT 
T.  W.  MATHER 


P.  M.  McHUCH 
H.  L.  WILLIAMS 
DWIGHT  E.  WOODBRIDGE 
R.  B.  WOODWORTH 


HENRY  W.  NICHOLS 
C.  C.  O'HARRA 
FRANK  H.  PROBERT 
JOSEPH  W.  RICHARDS 
OTTO  RI88MANN 

FRANK  L,  SIZER 
LEWIS  STOCKETT 
WALTER  G.  SWART 
ARTHUR  M.  8WARTLEY 
ARTHUR  F.  TAGGART 
JOHN  C.  TAYLOR 
WILLIAM  D.  WALTMAN 
JESSE  B.  WARRINER 

E.  R.  WASH 

W,  Y.  WESTERVELT 

F.  R.  WICKES 
BERKELEY  WIU.IAMfi 
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INSTITUTE  REPRESENTATIVES 


^  M.  RAYMOND' 


BENJAMIN  B.  THAYEK" 


lAbrary  Board,   United  Engineering  Society 
ALEX  C.  HUMPHREYS'  E.  GYBBON  BPILSBCBY' 

■    J.  H,  JANEWAY'  BRADLEY  STOUGHTON  GEORGE  C,  STONE' 

John  Fritt  Medal  Board  of  Award 

C.  R.  CORNING'  E.  OYBBON  SPIL8BCRY< 

CHARLES  F.  RAND<  BENJAMIN  B.  THAYER' 

Engineering  Council 

3.  PARKE  CHANNINC  B.  B.  LAWRENCE- 

a,  J.  JENNINGS'  P.  N.  MOORE"  EDWIN  LUDLOW» 

American  Aitociation  for  Ike  Advaneemeni,  of  Science 
WALDEMAR  LIMDOREN  JOSEPH  B.  TYRRELL 

Committee  on  Slandardiiotion  of  Graphical  Methods 
JUDD  STEWART 


CommiUee  on  Mining  Law  Revision 
AY  HENNEN  JENN 

EDMUND  B.  KIRBY  C.  F.  KELLEY 


Naeal  Consulting  Board 


WILLIAM  L.  SAUNDERS 


STEPHEN  O.  ANDROS 

E.  J.  BABCOCK 

H.  R.  BATCHBLLER 
PHILIP  R.  BRADLEY 
J.  L.  BRUCE 
D.  W.  BRUNTON 
ALLAN  J.  CLARK 

F.  K.  COPELAND 
B.  F.  CAESSON,  Jh. 
ROBERT  N.  DICKMAN 
M.  M.  DUNCAN 

T.  C.  DU  PONT 
STANLY  A.  EA8TON 
W.  E.  C.  EUSTia 
I.  R.  FORDYCE 


C.  B.  H0LLI8 


P.  N.  MOORE 
F.  W.  ONEIL 
WALTER  T.  r- 


J.  C.  RALSTON 

CHARLES  F.  RAND 

FRANK  D.  RASH 

R.  H.  RICHARDS 

C.  S.   ROBINSON 

WALTER  M.  8AUNDEH8 

E.  A.  8AYRE 

H.  L.  6CAIFE 

A.  M.  BWARTLEY 

PRIESTLEY  TOULMIN 

W.  E.  TRENT 

M.  M,   VALERIUS 

W.  D.  WALTMAN 

I.  C.  WHITE 

ELI  WHITNEY 


ROBERT  W.  HTJNT' 


WashiTiglon  Medal  Commission  of  Award 


>  Unci)  Feb.,  ISSa 
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American  Institute  of  Mining  Enoinbbhb 
Pan-American  Engineering  Committee 


J.  PARKE  CHANNINQ 
ARTHUR  8.  DWIQHT 
ALEX  C.  HUMPHREYS 


JOSEPH  W.  RICHARDS 


CommilUe  on  MUilary  Enf/ineerinQ  of  New  York 


CHARLES  F.  RAND  BRADLEY  STOUOHTON 

L.  D.  RICKETT8  WILLIAM  H.  WILEY 

WILLIAM  L.  SAUNDERS 


COMMITTEE  ADVISORY  TO  THE  V.  8.  BUREAU  OF  MINES 


BlldrtCitV  III  Minitm 
WILLIAM  KELLY 
THOMAS  H.  LEOOBTT 
3AUUEL  A.  TAYLOR 


Mint  Ex^tinu 
H.  M.  CHANCE 
PRANK  HAAS 
CARL  SCHOLZ 


JAMES  F.  Kemp 

R,  V.  NORRI8 
CHARLES  K.  LEITH 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OP  STANDARDS 

Cojipn!  F.  L.  ANTI3EXL 
Ltad!  ARTHUR  8.  DWIGHT 
ffickd:  JOHN  F.  THOMPSON 


COMMITTEE  ADVISORY  TO  THE  U.  S.  TARIFF  COMMISSION 


FtTTBUt  Mltalt 


Non-farrimt  Urtait 
HERMAN  CARUCH3 
F.  LYNWOOD  GARRISON 
FOREST  RL'THERPORD 


WAR  MINERALS  COMMITTEE 

WILLIAM  YOUNG  WESTER VELT,  Chairman. 

Repmentinc  A.  I.  M.  E.,  ud  M.  imd  M.  Sac,  of  Am. 
ALFRED  G.  WHITE,  Sirrrtani. 

Representing  U,  5.  Bureau  of  Min« 
W.  O.  HOTCHKISS, 

Repiescnting  Auocution  d  Amerieui  Stats  GeolofiMj 
DAVID  WHITE. 

RepreieatiDi  U.  S.  Gndoeliiat  Surrey 
HARVEY  S.  MUDD.  AaL  S-rttam 

Ase«ciate  Memben  from  the  A.  I.  M.  B. 


a.  A.  BUEHLER 
FRED  CARROLL 
N.  P.DRAKE 
R.  D.  GEORGE 
E.  A.  HOLBROOE 
EDWIN  LUDLOW 


S.  W.  McCALLIB 
WILLET  a.  MILLER 
EDMUND  NEWTON 
H.  L.  NORTON 
WILLIAM  C.  PHALEN 
T.  A.  RICEARD 


CHARLES  SIMEN8TAD 
H.  H.  3T0EK 
JOSEPH  H.  TAYLOR 
ARTHUR  L.  WALKER 
THOMAS  L.  WATSON 
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TECHNICAL  COMMITTEES 


Iron  and  Sttd 
JOflBFH  W.  RICHARDS,  CAiuniun,  Lehifh  Univ 
J.  B.  JOHNSON,  Ja.,  V.ut&iinHn 

SuB-COMinTTEBB 


So.  BMbletwm,  Pk. 


ERNEST  F.  BURCHARD 


DWIGHT  E.  WOODBRIDQE,  Ciairm 


WILLIAM  KELLY 


CHARLES  F.  RAND 


WILLIAM  H.  BLAUVELT 


JAMES  OAYLEY 


CHARLES  A.  BUCK 


STSEL  WORKS 
HENRY  D.  HIBBARO.  Chairman 
C.  F.  W.  RY8  J.  S.  UNQBR 

WILLIAM  R.  WALKER 

MSCHANICAL  TRBATMSKT  -' 

A.  A.  STEVENSON,  Clu  'man 

ROBERT  W.  HUNT  PREDESICK  W.  WOOD 

OEORGE  MESTA 


JOHN  H.  HALL 

CHSMI8TRY,  PBYSIOa,  AND  liBTALLOQRAPHT 
HERBERT  M.  B0YL8T0N,  Chairman 
WILLIAM  CAMPBELL  JOHN  A,  MATHEWS  ALBERT  SAUVECR 

HENRY  M.HOWE  E.  0Y6B0N  8PILSBURY  LEONARD  WALDO 


WILLIAW  R.  WEBSTER 


Petroleum  and  Gah 


RALPH  ARNOLD,  V 
WILLIAM  N.  BEST,  . 
EDWIN  T.  DUMBLE. 

ARTHUR  F.  L.  BELL 
FREDERICK  Q.  CLAFP 
EUGENE  COBTE 
DAVID  T  DAY 
ALEXANDER  DEU8SEN 


DAVID  WHITE,  V 


JAMES  H.  OARDNEli 
DORSEY  HAGER 
ALFRED  O.  HEOOEM 
L.L.  HDTCHI80N 


Coal  and  Coke 


EZEQUIEL  ORDONEZ 
M.  M.  VALERIUS 
CHEaxER  W.  WASHBURNE 
HERBERT  A.  WHEELER 
W.  E.  WEATHER 


,  CJbdtrman 

r,UT,,„  i,ujj.^..,    F«».u™.rman  W.J,  RICHARDS,  VlM-d 

FREDERICK  W,  C.  WHVTE,  Vict-Awman  H.  H.  8T0EK.  Vir^t-chairm 

WILLIAM  E.  FOIIL.  Stcrilary.FtTmen'  Bunk  Bldf..  PitUburgb,  Pm. 

R.  DAWSON  HAU,  FRAfnt  A.  P»" 

FRANK  ALBERT  HILL  

CHARLES  F.  HUBER 
JAMES  ELLWOOD  JONES 


8.  B.  BELDEN 
WILLIAM  H.  BLAUVELT 
H.  M.  CHANCE 
TU0MA8  H.  CLAGETT 
ELI  T.  CONNER 
JAMES  S.  CUNNINGHAM 
E.  V,  D'INVILLIERS 
W  W.  DUFFIELD 
HOWARD  N.  EAVENSON 
CHARLES  ENZIAN 
WILLIAM  A,  FORBES 
WILLIAM  H.  GRADY 
FRANK  UAA8 


FRANl 

THOMAS  H.  O'BRIEN 


JKOKUt  J.  KREBS 
I.  C.  LEISENRING 


CHARLES  J.  NORWOOD 


WHITE 

WILLIAM  G.  WILKINS 
LEWIS  L.  WILLARD 
CLINTON  M,  YOUNG 
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Precious  and  Bat4  Mttalt 

CHARLES  W.  OOODALE,  ChaimaH 

ASTHUB  L.  WALKER,  Vi»-(Aairiiuii  ROBERT  C.  QEMMELL.  Vic-tllabman 

DARSIE  C.  BARD.  Strnary.  MonUiu  SUte  Scbool  of  MtBM,  ButM,  Moat. 


SUB-COUMITTEBS 
COPPER 


LAWRENCE  ADDICKS 
W.  LAWRENCE  AD8T1N 
JOHN  C.  QREENWAY 
LAFAYETTE  HANCHETT 
L.  OOILVIE  I 


EDWARD  P.  MATHEW80N,  Cliairmi 


FREDERICK  LAIST 
C.  B.  LAKENAN 
OBORGE  W,  METCALFE 
L.  D.  HICKETT8 
FOREST  RUTHERFORD 


OEORQE  D.  VAN  ABfiOALE 
ARTHUR  L.  WALKER 
ARCHER  E.  WHEELER 
ALBERT  E.  WIQOIN 


F.  L.  BOeQUI 
PHILIP  R.  BRADLEY 
CHARLES  BUTTERS 
ROBERT  C.  CANBY 
ALLAN  J.  CLARK 


C.  I.  ADAMI 
LEONARD  B.  AUSTIN 
WILLIAM  BRA  DEN 
ARTHUR  e.  DWIQHT 
KARL  EILERS 


OOLD  AND  SILVER 
F.  LYNWOOD  OARRISON.  Chairman 

OEORQE  H.  CLBVENOER        WILLET  O.  MILLER 
HARRY  8.  DENNY  CHARLES  H.  MUNRO 

JOHN  V.  N.  DORR  H.  M.  RAYMOND 

CHARLES  W.  MERRILL  WHITMAN  SYMMES 

LBAD 
HEINRICB  O.  HOFMAN.  Ckavmaa 

HERMAN  QARLICHS  WILLIAM  A.  BUITH 

ERNEST  A.  HERSAM  FREDERIC  R.  WEBKES 

G.  P.  HUL8T  RUSH  J.  WHITE 

SIDNEY  J.  JENNINGS  C.  W.  WHITLEY 

FRANK  M.  SMITH  WILLIAM  WRAITH 

ZINC 
OEOROE  C.  STONE,  Chairman 
H.  W.  OEPP  DORfiEY  A.  LTON 

W.  McA.  JOHNSON  OTTO  RISSMAN 

FREDERICK  LAIST  C.  B.  6IEBENTHAL 

MISCELLANB0U3  USTALS 
CHARLES  H.  FULTON,  Chmrman 
SIBOFRIED  FISCHER  ROBERT  M,  KEENEY  JOSEPH  8TRUTHBRS 

FRANK  L.  HESS  GEORGE  A.  PACKARD  WILLIS  R,  WHITNEY 

ZAY  JEFFRIES  WALTER  M.  STEIN 

PLACER  DEPOSITS 
CHARLES  JANIN,  Cliairman 
F.  LYNWOOD  GARRISON        CHESTER  F.  LEE 
J.  J.  BAMLYN  H.  L.  MEAD 

W.  P.  HAMMON  P.  L.  MORRIS 

ROSS  B.  HOFFMANN  C.  H.  MUNRO 

HENNEN  JENNINGS  WILLIAM  S.  N0YE8 

E.  fi.  KIMBALL  HENRY  C.  PERKINS 

O.  B.  PERRY 

f/on-metailie  MineraU 

HEINRICH  RIBS,  Chairman 
CBARlES  P.  BERKEY.  Via-chairman  GEORGE  F.  KUNZ,  FinwAotrmai. 

EDWARD  W.  PARKER,  Viatliaifiinn 
WILLIAM  C,  PUALBN,  Stcrttam.  V.  S.  Bureau  ol  Minei,  Wubinctoo.  D.  C. 
SAMUEL  W.  BEYER  F.  R.  HEWITT  WILLET  G.  MILLER 

H.  A.  BUEHLER  P.  C.  HOOPER  JOSEPH  HYDE  PRATT 

JOHN  A.  DRESSER  C,  COLCOCK  J0NB3  KENNETH  SEAVER 

R.  D.  OEOROE  C.  O.  MEMMINGER  THOMAS  L.  WATSON 

FRANK  L.  HESS  BENJAMIN  L.  MILLER 


MARE  N.  ALLINO 
SIDNEY  H.  BALL 
PIERRE  BOUERY 
C.  C.  BRAYTON 
NEWTON  CLEAVELAND 
ROBERT  E,  CRANSTON 
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L,  C.  GHATON, , 
RALPH  ARNOLD 
JOHN  M.  BOUTWELL 
H.  A.  BUEHLER 
MARIUS  R.'  CAMPBELL 
C.  R.  CORNING 
M.  J.  EL8INO 
WILLIAM  H.  EMMONS 
F.  LYNWOOD  GARRISON 


IRA  B.  JORALEMON 
JAMES  F.  KEMP 
HENRY  LANDE8 
ALFRED  C.  LANE 
CHARLES  K.  LEITH 
R.  V.  NORRIS 
ARTHUR  NOTMAN 
EZEQUtEL  ORDONEZ 


R.  A.  F.  PENROSE,  Jr. 
JOSEPH  HYDE  PRATT 
HEINRICB  RIES 
RENO  H.  BALES 
WHXIAM  O.  SHARP 
HENRY  L.  SMYTH 
JOBIAH  E.  SPURR 
M.  E.  WADSWORTH 


BENJAMIN 
TRUMAN  H.  ALDRICH.  JR. 
HANS  C.  BEHR 
R.  B.  BRINSMADG 
DOUGLAS  BUNTING 
LOUIS  S.  CATES 
CHARLES  CaTLETT 
FRED  W.  DENTON 
STANLY  A.  EASTON 
JAMES  R.  FIN  LAY 
R.  C.  QEMMELL 


Afvninf  Methods 
ROBERT  M.  CATLIN.  CAotri. 
F.  TILL80N,  Sitretara,  Frankli 
JOHN  OILLIE 
WILLIAM  L.  HON  N  OLD 
JAMES  E.  JOPLINO 
ROBERT  A.  KINZIE 
HENRY  KBUMB 
WILLIAM  H.  LEONARD     ■ 
HENRY  LOUIS 
JAMES  F.  McCLELLAND 
8EELEY  W.  MUDD 
JAMES  B.  RISQUE 


I  Furokce,  N.  J. 
MILNOR  ROBERTS 
OSCAR  RORN 
GERALD  SHERMAN 
HENRY  L.  SMYTH 
BENJAMIN  W.  VALLAT 
HUEL  C.  WARRINER 
SAMUEL  D.  WARRINER 
GEORGE  WEIR 
DWIGHT  E.  WOODBRIDGB 


EARL  S.  BARD  WELL 
H.  K.  BURCH 
CHARLES  BUTTERS 
GELASIO  CAETANI 
WILLIAM  A.  I 
JOHN  M.  < 
CHARLES  A.  CHASE 
DAVID  COLE 
JOHN  V.  N.  DORR 
ARTHUR  S.  DWIGHT 


RUDOLF  GAHL 
H.  A.  GUESS 
H.  C.  HOOVER 
FREDERICK  LAIST 
C.  B.  LAKENAN 
W.  P.  LASS 

CHARLES  W.  MERRH. 
HENRY  8.  MUNROE 
E.  H.  NUTTER 
C.  Q.  PAYNE 


:«hDolDay,  BoatoD,  Man. 
JOHN  B.  PORTER 
LEWIS  G.  KOWAND 
E.  A.  C.  SMITH 
T.  B.  STEARNS 
WALTER  G.  SWART 
ARTHUR  THACHER 
A.  P.  WATT 
BULKELEY  WELLS 
ALBERT  £.  WIGGIN 
GEORGE  H.  WYMAN. 


JOHN  W.  FINCH, 
ALBERT  BURCH 
J.  MURRAY  CLARK 
WILL  L.  CLARK 
C.  LORIMER  COLBURN 
COURTENAY  DiKALB 


Mining  Law 

CORNELIUS  F.  KELLEY,  Chain 

CHARLES  W.  GOOD ALE 
EDWIN  O.  HOLTER 
EDMUND  B.  KIRBY 
MARK  L.  REQUA 
WILLIAM  SCALLON 


3  H.  LINDLEY,  V 

CHARLES  H.  8HAMEL 
FRANK  L.  SIZER 
WALTER  H.  WILEY 
HORACE  V.  WINCHSLL. 


The  Use  of  EUelrieity  in  Minet 


FRANCIS  O.  BLACKWELL 
GRAHAM  BRIGHT 
F.  K.  COPELAND 
OZNI  P.  HOOD 


WILLIAM  KELLY,  Chairman 
JOHN  LANOTON  DAVID  B.  KUSHHORB 

CHARLES  LEGRAND  HARRY  M.  WARREN 

FREDERICK  W.  ONEIL  GEORGE  R.  WOOD 

STEPHEN  H.  PITKIN 
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NEWELL  Q.  ALFOSD 

E.  E.  BACH 

F.  M.  BARNG3 
WILLIAM  L.  BELL 
W.  O.  BORCHERDT 
PHILIP  R.  BRADLEY 
WILLIAM  L,  CLARK 
GEORGE  G.  CRAWFORD 
H.  G.  DAVIB 

R.  W.  DEACON 
M.  M.  DUNCAN 
HOWARD  N.  EAVEN80N 
CHARLES  T.  FAIRBAIRN 


Indtttlrial  Organiaatitm 

T.  T.  READ,  Chainaan 
CHARLES  W.  GOODALE 
EDWIN  HIGGINS 
R.  DAWSON  HALL 
C.  S.  HOOK 
HENNEN  JENNINGS 
CORNELIUS  B.  LAKENAN 
JOHN  LANGTON 
A.  P.  LANZA 
JOHN  LLOYD 
J.  W.  PAUL 
JAMES  B.  RISQUE 
J.  C.  ROBERTS 
BURR  A.  ROBINSON 


CARL  SCHOLZ 

L.  A.  8H0UDT 

FRANCIS  P.  SINN 

WILLIAM  ALLEN  SMITH 

BENJAMIN  F.  TILL80N      - 

W.  G.  WHELDIN 

ARTHUR  WILLIAMS 

H.  M.  WILSON 

H.  M.  WOLFLIN 

DWIGHT  E.  WOODBRIDGB 

H.  I.  YOUNG 


BCB-COIIIDTTEE  C 


I  EDUCATION 


BUB-COMUITTEE  C 


H.  M,  WILSON, 


STTB-COMUITTBE    C 


Btm-couurrrEEi  on 


HTOIBNE  IN  INDUaTsr 


BUB-<X>MlItTTBB  ON  PBBVBNTION  OF  ILLNBSB 


SUB-C011HITTE&  ON  SAFBTT 


1.  F,  T1IX80N, 


fiUB-COUUHTEB  ON  SOCIAL  BUBTBTB 


FRANCIS  P.  SINN 

on) 

COMMITTEE  ON  ARRANGEMENTS,  NEW  YORK  (Ii9TH)  MEETING,  1919 

ALLEN  H.  ROGERS,  C/iaiYma-i  W.  S.  DICKSON.  Stcrtlary 

J.  E.  JOHNSON,  JR.  F.  T.  RDBIDQE  P.  G.  8FILSBURY 

S.  C.  PARMELEE  FOREST  RUTHERFORD 
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OFFICBKS  AND  DIRECTORS 
For  the  jtu  ending  Febnuirj,  1019 

SIDNEY  J.   JENNINGS, New  Yohk,    N.    Y. 

Past  pKEaiDBNTs 

L.  D.  RICKETTS, New  Yoek,  N.  Y. 

PHIUP  N.  MOORE ST.LOOI8,  Mo. 

First  Vicb-prebioeht 
C.  W.  GOODALE, Bdttb,  Mont. 

Treasurer 
GEORGE  C.  STONE, New  Yobk,  N.  Y. 

Secret  A  Rr  Emeritus 
ROSSITER  W.  RAYMOND, New  York,  N.  T. 

Sec RET ART 

BRADLEY  8T0UGHT0N, New   York,    N.    T. 

Vl  CE-PRBSI DE  NTS 

KARLEXLERS,'   ....    ^  ...    .  District  0 NewYorx,N.Y. 

JAMES  MacNAUGHTON.'  ....  District  4 Calomet,  Mich. 

CHARLES  W.  GOODALE,'  ....  Districts Biittb,  Mont. 

MARK  L.  REQUA,* District  6 San  Francisco,  Cai. 

HENRYS.  DRINKER,' District  2 So.  Bethlehem,  Pa. 

ROBERT  M.  RAYMOND,'  ....  District  0 New  York,  N.  Y. 

Directors 

GEORGE  D.  BARRON," District  0 New  York,  N.Y. 

EDWINLUDLOW,' District  2 .Lanstord,     Pa. 

CHARLES  F.  RAND," District  0 New  York,  N.  Y. 

THOMAS  B.  STEARNS,' District  7 Denver,    Colo. 

B.B.  THAYER,' District  0 New  York,  N.  Y. 

J.  E.  JOHNSON,  JR.,* tHstrictO New  York,  N.  Y. 

ALLEN  H.  ROGERS,' District! Boston,    Mass. 

HOWARD  N.  EAVENSON,'     ,    .    ,   District  9 Gart,  W.  Va. 

J.  V.  N.  DORR,* District  0 New  York,  N.  Y. 

WILLETG.  MILLER,' District  11 Toronto,  Canada. 

FREDERICK  G.  COTTRELL,'    .    .  District  6 San  FRANcreco,  Cal. 

HENNEN  JENNINGS," District9 Washinoton,  D.  C 

GEORGE  C.  STONE,' District  0 New  York,  N.  Y. 

SAMT^L  A.  TAYLOR,' District  2.' PrrraBuwiB,    Pa. 

ARTHUR  THACHER,' Districts St.  Lotne,    Mo. 


'Until  Feb.,  1019.  'Until  Feb.,  192a  'UntU  Feb..  1921. 
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American  Institute  of  Mining  Engineers 


APPUCATION 


ie  Id  full:  iiutinta  aotiuffi< 


(GIvs  kn  addren  M  which  rou  may  be  reoebwl  durins  the  neit  four  monthi) 

,     { admiUed     1  ,     .  ,      ■ 

to  be  \  \  08 m  the  American  Insttlute 

I  transferred  J  (Member;  AhwUiM:  Jod.  Jouk.) 

of  Mining  Engineers,  and  subrntf  the  following  as  my  •profeseional  record: 
I  was  horn  at on , 


and  am  a  citizen  of— 


Bchool  or  CoUece 


/  uxM  educated  at  ( 

(AtecbniittlAdiuiatii 


I  graduated  in ,  and  received  the  degree  of— 


thrte  Member! 
or  AtweiaU* 


U  you  wiah  the  fuctitaM 
the  Damn  of  at  l»«t  6n 
guainud.     A  list  of  menibc 


/  refer  to  the  following  Mernbera  or  Aasociatea 


Olre  tba  namea  of  at 
)e«*t  fiTi  Mcinben  oi 

ThulnlornuiliDiiiieed  \ 

taembcra  or  onocialffl  / 
■isn  Itie  ptopoaal  blank.  / 


The  initiation  tee  (or  Membera  and  Aaociatn  is  tlO.  in  addition  to  whieb 
the  annual  duea  foi  Che  current  calendBT  year  an  S12.  The  yearly  dueg  of 
Junioi  Membeta  are  %S.  and  they  pay  no  initiation  fee  until  traoiferred  to 
another  grade  of  membergblp.    The  annual  duea  for  the  current  year  are  pajlr 


REQUIREMENTS  FOR  MEMBERSHIP 

Extract  From  Constitiitioa 
ARTICLE  II 


All  members  shall  be  equally  entitled  to  the  privii^ea  at  membership,  exceptinfc 
that  Honorary  Members,  Junior  Associates,  and  Members  and  Associates  whose 
residences  shall  be  outside  o£  the  United  States,  Mexico^  and  Canada,  shall  not  he 
entitled  to  vote.  Members  and  Associates  residing  within  the  United  Stat«8  of 
America,  Mexico,  and  Canada,  and  not  in  arrears  for  dues,  shall  be  entitled  to  vote  in 

ferson  at  the  meetings  of  the  Institute,  or,  as  hereinafter  provided  for,  by  letter 
allot. 
Sec.  2.     MEMBERS  sh^  comprise  all  those  persons  who  on  the  third  Monday 
of  February,  1918,  were  members  of  the  Institute,  and  in  addition  thereto,  all  those 
thereafter  elected  or  transferred  into  the  class  of  Members. 

MEMBERS  must  be  at  least  27  years  of  age  and  must  have  had  at  least  six  years' 
employment  in  the  practice  of  engineering,  mining,  geology,  metallurgy  or  chemistry, 
durmg  at  least  three  years  of  which  they  must  have  held  positions  of  re^wnsibility  m 
one  or  more  of  these  fields. 

Graduation  from  the  scientific  course  of  a  college,  approved  by  the  Committee  on 
Membership,  shall  be  considered  equivalent  to  two  years'  employment,  as  required 
in  the  previous  sentence. 

Employment  as  a  t«acher  of  engineering,  mining,  geoli^y,  metallurgy  or  cheaaitry, 
if  in  direct  charge,  may  be  considered  a  podtion  of  responsibility  as  specified  in  the 

second  preceding  paragraph. 

Persons  employed  in  research  or  any  scientific  literary  work  or  in  teaching  in  the 
scientific  departments  of  colleges,  approved  by  the  Committee  on  Membership,  who 
at  the  same  time  are  engaged  in  conBulting  or  in  the  active  practice  of  mining,  geology, 
or  metallurgy,  shall  be  entitled  to  consider  the  time  so  spent  in  active  practice  as 
equivalent  to  an  eoual  length  of  time  of  employment  in  positions  of  responsibility, 
provided  the  work  done  or  the  positions  held  seem  to  the  Committee  on  Membership 
to  warrant  the  equivalency. 

The  requirement  of  three  years'  employment  in  positions  of  responsibility  may  be 
waived  by  the  Committee  on  Membership  in  the  case  of  persons  who  have  done  notable 
ordinal  work  in  mining,  geology,  or  metallurey,  or  have  won  distinction  by  research  or 
investigations  in  one  or  more  of  these  auDjecte.  By  investigation  or  research  is 
understood  laboratory  experimentation  as  distinct  from  investigations  in  literature 
or  compilations  of  the  work  of  others. 

ASSOCIATES  shall  be  those  who,  in  the  opinion  of  the  Committee  on  Membership 
and  the  Board  of  Directors,  are  suitable  for  such  election  or  transfer  by  reason  of  their 
interest  in  or  connection  with  mining,  geology,  metallurgy,  or  chemistry. 

JUNIOR  ASSOCIATES  shall  comprise  all  students  in  good  standing  in  engineer- 
ing schools,  who  have  not  taken  their  degrees  and  are  nominated  by  at  least  three 
members,  two  of  whom  must  be  their  instructors.  A  Junior  Associate  may  remain 
such  not  longer  than  five  years  after  leaving  the  engineering  school,  at  the  end  of 
which  period  his  qualificauons  to  become  a  Member  or  Associate  must  be  passed 
upon  by  the  Committee  on  Membership.  If  elected  he  shall  pay  at  that  time  the 
:e  fee  and  dues  of  a  Member  or  A^ociate. 


In  case  there  is  any  question  as  to  the  classification  of  a  candidate  the  Committee 
on  Membership  may  require  from  him  any  evidence  he  desires  to  present  and  the 
decision  of  the  Committee  as  to  the  proper  status  shall  be  final. 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Associate  must  be 
proposed  for  election  by  at  least  three  Members  or  Associates,  must  be  approved  by 
the  Committee  on  Membership,  as  prescribed  in  the  By-Laws,  and  must  be  elected 
by  the  Board  of  Directors.  /■--■  i 
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The  Relation  of  Sulphur  to  the  Overpoling  of  Copper 

DiacuBBion  of  the  paper  of  S.  Skowronski,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BtiUtiin  No.  13S,  March,  1918,  p.  651. 

F.  Johnson,*  Birmingham,  England  (written  discussion f).— 
Mr.  Skowronski's  first  melting  experiments  iend  to  show  that  ingots 
with  a  "level  set"  may  be  obtained  without  oxygen.  Now  it  is  charac- 
teristic of  all  metals  which  occupy  a  smaller  volume  wh%n  solid  than  they 
do  when  molten  to  "pipe."  In  vertical-cast  ingots,  this  pipe  resembles 
a  horn-shaped  cavity,  with  the  wide  mouth  uppermost.  In  horizontal- 
cast  ingots,  the  pipe  is  a  longitudinal  furrow  along  the  center-line  of 
the  ingot  surface. 

If  copper  be  successfully  deoxidized  and  degasijUd,  this  furrow  will 
-  inevitably  be  produced.  In  the  author's  oxygen-free  ingots,  it  is  clear 
that  gases  were  occluded  and  these  gases  effectively  opposed  the  forma- 
tion of  a  pipe  or  furrow  by  shrinkage  {fluid  contraction).  It  is  not  a 
special  property  of  any  particular  gas  which  produces  this  effect.  Hence 
it  is  not  surprising  that  the  author  has  succeeded  in  producing  level  and 
overpoled  ingots  through  the  agency  of  sulphur  dioxide  gas.  That  he  has 
counteracted  the  overpoling  influence  of  sulphur  by  means  of  oxygen 
is  somewhat  difficult  to  explain,  since  the  well  known  reaction  between 
cuprous  sulphide  and  cuprous  oxide  should  result  in  the  production  of 
sulphur  dioxide  gas.  Why  the  presence  of  excess  cuprous  oxide  should 
neutralize  the  overpoling  influence  of  this  gas  without  eliminating  sulphur 
is  not  at  all  clear.  It  is  to  be  regretted  that  the  oxygen  was  not  deter- 
mined in  the  bars  given  in  Tables  3  and  4. 

It  is  by  no  means  established  that  sulphur  is  responsible  for  the  over- 
poling of  ingots  given  in  Table  4,  since  carbon  was  used  for  overpoling. 
If,  however,  the  same  kind  of  poling  treatment  was  given  as  that  applied 
in  the  case  of  ingots  in  Table  1,  the  responsibility  of  sulphur  assumes  more 
definite  shape. 

The  author  rightly  points  out  that  Mr.  Johnson's  theory  of  the 
equilibrium  between  gases  and  cuprous  oxide  does  not  explain  why  a 
simple  addition  of  cuprous  oxide  does  not  correct  an  overpoled  chaise. 
Such  a  charge  must  be  re-worked  to  "set"  copper.  This  re-working 
(rabbling)  undoubtedly  forcibly  removes  the  excess  gases,  which  are 
not  removable  by  cuprous  oxide. 

The  writer  suggests  that  the  gases  concerned  in  the  production  of 
"tough-pitch"  copper  are  of  two  kinds,  soluble  and   insoluble.     The 


•  Head  of  Metallunty  Department,  Municipal  Technical  School. 
t  Received  Sept.  12,  1918. 
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floluble  gases,  such  as  hydrogen  and  possibly  carbon  monoxide,  may  be 
capable  of  being  retained  in  solid  solution  and  therefore  would,  if  wholly 
in  this  condition,  play  no  part  in  the  formation  of  "set." 

In  the  absence  of  other  gases,  and  of  cuprous  oxide,  such  copper  should 
set  with  a  depression  and  give  characteristically  underpoled  ingots.  The 
introduction  of  cuprous  oxide  is  followed  by  a  reaction,  for  example: 

2H,    +  0,  =  2H,0 
.2C0  +  0,  =2COs 

Thus  insoluble  gases  are  formed  which  cannot  be  retained  in  solid 
solution  and  which,  in  endeavoring  to  escape  before  solidification  is 
complete,  will  oppose  themselves  to  the  natural  shrinkage  of  the  metal 
and  result  in  the  production  of  ingots  with  level  surfaces  (tough-pitch) 
or  of  overpoled  ingots,  if  in  excess.  The  action  of  overpoling  will  thus 
be  the  production  of  more  soluble  gases  which  react  with  cuprous  oxide 
and  produce  an  accumulation  or  excess  of  insoluble  gases.  This  excess 
would  cause  spewing. 

The  writer  has  no  experimental  evidence  to  offer  in  support  of  this 
theory,  but  the  inabihty  of  cuprous  oxide  to  neutralize  the  overpoling 
action  of  insoluble  gases  is  thus  explained.  Their  removal  must  be 
effected  mechanically. 

The  writer  has  found,  in  his  experience,  that  it  is  possible  to  produce 
ingots  of  electrolytic  copper  which  are  so  overpoled  as  to  spew  even  on 
an  experimental  scale.  The  copper  used  was  cathode  copper  of  high 
electrical  conductivity  (over  101  per  cent.) ;  sulphur  was  not  determined. 

S.  M.  Hopkins,  metallurgist  at  the  Birmingham  Battery  Co.,  and  a 
copper  refiner  of  many  years'  experience,  confirms  this. 


Electrolytic  Zinc 

Discussion  of  the  paper  or  C.  A.  Hansen,   presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  Bulletin  No.  135,  March,  1918,  p.  615. 

C.  A.  Hai4SEN  (communicated  appendix*). — Since  the  above  paper 
was  written,  tests  have  been  conducted  with  a  view  to  securing  a  sounder 
basis  for  discussing  the  effects  of  temperature  on  the  behavior  of  the  zinc 
cell.  The  following  data,  while  making  no  pretense  to  great  accuracy, 
are  still  reasonably  close. 

Cells  were  operated  with  the  same  feed  solutions,  but  at  varying 
temperatures,  the  latter  being  controlled  by  means  of  immersed  steam 
coils.    Current  eificiencles  obtained  indicate  that  the  corrosion  rate 

•  Received  Oct.  4,  1918. 
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doubles  with  each  rise  of  21.7'  C.  in  electrolyte  temperature.  No  great 
error  is  therefore  introduced  in  the  original  paper  as  a  result  of  the 
temperature  coefficient  there  assumed. 

Strangely  enough,  parallel  tests  conducted  by  merely  suspending 
cathode  sheets  in  solutions  maintained  at  different  temperatures  (the 
sheets  not  functioning  as  cathodes  at  all)  indicated  no  definite  tem- 
perature coefficient  of  corrosion.  It  appeared  in  these  latter  tests  that 
adhering  hydrogen  interfered  with  the  free  access  of  the  acid  solutions 
to  the  zinc  surfaces. 

Testa  were  also  conducted  with  an  electrically  heated  evaporating 
pan  (immersed  heaters)  in  which  some  2  sq.  ft.  of  electrols'te  surface 
was  freely  exposed  to  the  cell  room  atmosphere.  The  data  obtained, 
corrected  so  as  to  cover  merely  losses  of  energy  from  the  actual  solution 
surface,  indicate  surface  losses  as  follows  (room  temperature  20  to  25'  C.) : 

Solution  Temp.,  Deg.  C.  Watts  Loss  per  sq.  ft. 


80  540 

These  data  are  ver?  closely  checked  by  an  independent  set  of  tests 
conducted  on  commercial  cells. 

In  the  temperature  range  40  to  45"  C,  evaporation  of  solution  from 
electrolyte  surface  accounted  for  87  per  cent,  of  the  energy  dissipated  at 
the  surface,  this  figure  being  in  excellent  agreement  with  the  90  per  cent, 
figure  quoted  from  Mr.  Antisell. 

I  think  it  probable  that  the  energy  lost  from  the  cell  solution  surfaces 
is  mainly  accounted  for  by  evaporation  at  all  temperatures,  since 
the  relation  between  vapor  pressure  of  the  electrolyte  and  the  energy 
losses  determined  is  too  simple  to  be  mere  coincidence. 

DiBCOSSION 

C  A.  Hansen. — Mr.  Yardley'  seems  to  lay  stress  upon  adapting 
the  electrolytic  plant  to  standard  types  of  electrical  apparatus.  Person- 
ally, while  I  believe  in  keeping  standard  voltages,  etc.,  in  mind  in  laying  out 
an  electrolytic  plant,  I  think  that  the  electrical  apparatus  is  a  decidedly 
minor  item  in  the  plant  as  a  whole. 

A  plant  should  be  designed  to  do  what  it  must  do,  and,  in  general, 
the  electrical  apparatus  should  be  selected  to  fit  in  with  the  rest  of  the 
design.    Ordinarily,  the  substation  equipment  for  an  electrolytic  zinc 
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or  copper  plant  will  account  for  about  10  per  cent,  of  the  total  plant 
cost,  and  it  does  not  seem  fair  to  let  considerationB  of  standard  voltages, 
etc.,  in  any  way  prejudice  the  dea^  of  the  other  90  per  cent. 

Mr.  Yardley's  point  that  no  great  voltage  range  need  be  required 
of  the  direct-current  generating  apparatus  is  well  taken.  When  working 
with  zinc  sulfate,  no  current  Sows  through  the  cells  until  a  voltage 
greater  than  2.7  per  cell  is  applied;  the  average  voltage  of  the  commercial 
zinc  cell  operating  at  full  load  is  around  3.5.  Obviously  then,  the  whole 
range  from  zero  load  to  full  load  may  be  taken  care  of  by  a  voltage  range 
between  2.7  and  3.5,  or,  aay,  by  a  250  plus  or  minus  32  volts. 

Such  requirements  can  be  very  conveniently  met  with  rotary  con- 
verters and  synchronous  booster  sets.  With  power  at  about  $25  per 
horsepower-year,  there  appears  to  be  little  hope  of  reducing  the  power 
coat  per  ton  of  zinc  below  tl4  for  the  electrolytic  zinc  plant. 

The  difference  of  4  per  cent,  in  efficiency  in  favor  of  rotary  converters, 
ae  compared  with  motor-generators,  is  quite  an  important  item  (say 
$25,000  per  year  for  a  plant  averaging  100  tons  zinc  output  per  day). 
However,  if  a  rotary  converter  is  operated  from  a  hne  of  tricky  voltage 
characteristics,  or  from  a  Une  subject  to  frequent  lightning  disturbances, 
this  apparent  saving  is  often  wiped  out  in  plant  interruptions.  The 
motor-generator  equipment  will  unquestionably  be  less  subject  to  these 
objectionable  line  disturbances. 

It  should  also  be  remembered  that  the  synchronous  booster  must 
provide  the  required  voltage  variation  for  the  converter  equipment, 
and  that  the  booster  set  is  a  motor-generator  with  all  of  its  efficiency 
limitations.  Maximum  efficiency  for  the  synchronous  converter-booster 
set  is  then  to  be  arrived  at  by  requiring  minimum  voltage  range. 

Perhaps  a  specific  instance  may  be  cited  for  illustrative  purposes. 
One  of  the  large  electrolytic  plants  in  the  country  specified  a  direct- 
current  voltage  range  from  75  to  175,  with  a  nominal  load  at  the  higher 
voltage  approximating  4000  kw.  To  cover  this  requirement  with  a 
converter-booster  set  would  mean  a  converter  voltage  of  125,  and  a 
booster  range  of  50.  The  required  voltage  range  made  motor-generator 
sets  appear  more  favorable  and  they  were  installed.  It  actually  devel- 
oped that  until  125  volts  were  impressed  no  current  flowed  through  the 
cells;  hence  a  converter  supplying  150  volts,  with  a  25-volt  booster,  would 
have  given  more  regulation  than  the  plant  required.  In  this  particular 
instance,  power  costs  approximately  $80  per  horsepower-year,  and  the 
power  conditions  are  very  favorable  for  a  converter  installation.  Had 
the  converter  equipment  with  small  voltage  range  been  installed,  the 
power  saving  would  approximate  $14,000  per  year.  However,  the 
added  power  cost  approximates  only  0.035  c.  per  pound  of  product  made, 
not  an  appreciable  fraction  of  the  production  cost. 

Sidney  J.  Jennings,  New  York,  N.  Y. — Mr.  Hansen  emphasiws 
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the  need  of  a  perfectly  pure  zinc  sulfate  electrolyte  for  a  satisfactory 
operation.  The  owners  of  the  Tainton  process  assert  that  they  are 
commercially  operating  a  plant  in  England  where,  by  employing  high 
current  densities,  they  are  able  to  work  upon  an  impure  electrolyte  and 
obtain  a  sati^actory  zinc. 

C,  A.  HANSBN.-r-Until  a  year  ago,  I  think  I  was  fairly  famiUar 
with  all  of  the  work  being  done  both  in  this  country  and  abroad  on 
electrolytic  zinc,  and  I  am  absolutely  certain  that  there  is  no  question  as 
to  the  fundamental  necessity  for  pure  electrolyte.  If  I  remember 
correctly,  the  Tainton  process  is  characterized  merely  by  its  use  of  high 
current  densities  and  high  acidities.  The  behavior  of  the  zinc  cell  under 
these  conditions  has  been  covered  in  the  paper  presented.  The  high 
current  density  renders  one  relatively  independent  of  corrosion  rates 
provided  solution  temperatures  can  be  kept  low,  but  the  high  current 
density  militates  against  low  solution  temperatures. 


The  Metallography  of  Tungsten 

DiscuBsion  of  the  p&per  of  Zat  Jbffries,  presented  at  the  Colorado  and  Milwaukee 
meetingB,  September  and  October,  1918,  and  printed  in  Bulletin  No.  13S,  June, 
191S,  pp.  1037  to  1092. 

Paul  D.  SIbhica,*  Washington,  D.  C.  (written  discu8siont).^This 
paper  is  a  discussion  of  some  of  the  results  of  a  recent  investigation'  of 
Prof.  Zay  Jeffries,  and  of  his  interpretation  and  generalizations  from  these  ' 
results.  This  work  I  have  followed  with  great  interest  and  with  appre- 
ciation of  its  value  in  clarifying  our  views  on  the  nature  of  deformation  in 
metals  and  its  relation  to  structure.  It  is  only  by  such  close  study  of 
the  relation  of  structure  to  mechanical  properties  that  we  shall  ever  be 
able  to  describe  the  latter  in  terms  of  their  ultimate  elements,  and  thus 
explain  what  are  atill  mysteries  in  the  mechanical  behavior  of  metals; 
experiment  and  thought  along  these  lines  are  in  my  opinion  of  the  utmost 
value.  If  I,  therefore,  here  record  some  of  the  difficulties  I  have  expe- 
rienced in  understanding  some  of  the  generaUzations  of  Prof.  Jeffries,  it  is 
only  in  order  that  perhaps  from  the  discussion  may  emerge  a  clearer 
and  more  consistent  statement  of  hypothesis  or  theory  in  explanation 
of  the  facts  discovered  by  him. 

*  Metallurgist,  U.  S.  Bureau  of  StaDdards. 

t  Beoeived  Sept.  28, 1918. 

'Article   1:  The  Metallography  of  TungBten.    Bulletin  No.    138  (June,  1918) 
1037. 

Article  2:  The  Amorphous  Metal  Hypothoais  and  Equi-cohesive  Temperatures 
JnL  Am.  Inst.  Met.  (1917)  11,  3O0. 
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Before  coQsidering  the  author's  propositione  in  detul,  I  ymb  to 
group  a  few  concepts  and  asaumptions  with  which  I  here  have  to  deal. 

(1)  The  amorphous-metal  hypothesis  postulates  crystalline  and 
amorphous  metal ;  the  former,  the  substance  of  the  grain  in  crystal,  the 
latter  existing  (a)  as  a  cement  between  grains,  (b)  in  metal  deformed 
below  the  re-crystallizing  temperature  range,  at  the  planes  along  which 
slip  has  occurred. 

(2)  The  amorphous  metal  at  the  grain  boundaries  and  that  formed 
at  a  sUp  plane  may  or  may  not  be  identical  in  properties,  but  I  shall  make 

that  as  an  initial  assumption;  this  as- 
sumption is  tacitly  made  by  the  author. 
(3)  Each  variety  of  metal,  crystalline 
(C)  and  amorphous  (A),  has  its  own 
mechanical  characteristics,  with  three  of 
which  I  shall  be  concerned :  the  ultimate 
tensile  strength,  the  elastic  limit,  and  the 
elongation  at  rupture.  Neglecting  the 
i  1  I  phenomenon     of     "  necking-down "     at 

S     _    \  I  rupture,  which  is  a  consequence  of  non- 

uniformity  either  of  stress  or  of  strength 
along  the  axis  of  a  bar  in  tension,  the 
etreas-atrain  curves  of  C  and  of  A  metal 
may  be  assumed  to  have  the  general 
form  shown  in  Fig,  1.  The  C  metal  has 
a  definite  elastic  limit,  and  its  proper- 
_ties  are  directional.  The  A  metal  proba^ 
sirain  bly  has  no  definite  elastic  limit,  but  we 

Fio.  1.— Tensile  sTBBa^TBAiN     ja&y  assume  a  value  Ej,  at  which  the 

CURVES    FOR   AMOHPHOOa    {A)    ANB  "^  ,    ,  .  , 

CRYSTALLINE    (O    METAL,     The     permancut  deformation  exceeds  a  cer- 

EL0NQATION8   PLOTTED   ARE  THE     taiD  arbitrary  value;  thc  propertiGs  of  A 

PERMANENT    ONES.  ,.  .  ,     ,  ,  ,  ,        , 

are  not  directional,  but  depend  undoubt- 
edly upon  the  rate  or  duration  of  application  of  stress;  i.e.,  the  A  metal 
is  viscous  in  Its  nature. 

(3a)  It  is  likely  that  the  elastic  limit  of  a  grain  can  be  increased  in 
any  direction,  as  Tammonn  has  shown,  by  the  gradual  exhaustion  of 
the  most  accessible  slip  planes,  but  the  ultimate  tensile  strength  of  ihe 
crystalline  metal  of  a  grain  in  any  direction  probably  is  a  function  only 
of  temperature.  The  curves  of  Ec  shown  in  Fig.  2  are  to  be  considered 
as  those  of  the  undeformed  metal;  the  values  may  be  raised  possibly  up 
to  those  of  Tc- 

(4)  The  effoct  of  temperature  on  the  shape  of  these  curves  is  to 
diminish  Ta,  Tc,  Ea,  and  Ec,  and  to  increase  tA  and  tc- 

(5)  The  tensile  ductility  is  measured  by  the  amount  of  penoanent 
set  per  unit  length  occurring  between  T  and  E;  it  is  undoubtedly  a  func- 
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tton  of  the  rate  of  loading  between  these  two  values  of  stress.  Exhaus- 
tion of  ductility  occurs,  as  Prof.  Jeffries  points  out,  not  because  the  metal 
cannot  be  further  plastically  deformed,  but  because  the  tensile  load  nec- 
essary to  produce  the  deformation  will  first  rupture  the  bar.  According 
to  Prof.  Jeffries,  the  variations  in  the  values  of  Ea.  and  Ec,  respectively, 
with  temperature  are  such  that  for  every  metal  (and  alloy)  there  is  a 
temperature  (£Cs)  below  the  melting  point,  such  that 


above  EC, 

Sc>B, 

sXECg 

Ec-  E, 

below  EC, 

Ec<  a 

This  is  the  equi-cohesive  temperature;  see  Fig.  2,  in  which  Ea  and  Ec 
are  shown  as  functions  of  temperature. 


t    TBUPBRATTJRB    0 


(6)  I  should  like  to  call  attention  to  another  equi-cohesive  tempera- 
ture, namely,  that  at  which  the  tensile  strength  of  A  and  C  metal  are 
equal;  such  a  temperature  has  been  predicted  by  Rosenhain.*  This  is 
shown  in  Fig.  2;  ECm,  the  equi-cohesive  temperature  for  elastic  limits, 
and  ECt,  that  for  tensile  strength,  are  not  necessarily  equal, 

(7)  When  a  metal  niptm-es  in  tension,  the  path  of  rupture  is  never 
straight;  it  passes  sometimes  through  the  grains  (intracrystalline)  and 

*  Walter  Roeenhain;  "An  Introduction  to  the  Studj  of  Fhysical  Metallurgy." 
New  York,  1914.     D.  Van  Nostrand  Co. 
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sometimes  along  the  grain  boundaries  (intercrystalUne).  The  rupture 
along  those  portions  not  perpendicular  to  the  direction  of  the  net  tension 
occurs,  very  probably,  partly  as  a  result  of  shearing  Btressea.  The 
load  necessary  to  cause  fracture  is  probably  proportional  to  the  area  of 
the  path  of  rupture. 

(S)  In  any  ease,  I  wish  to  make  two  assumptions  regarding  rupture: 

(a)  That  the  total  force  to  cause  rupture  is  proportional  directly  to 
area  of  its  path,  counting  sheared  areas  as  equal  in  effect  to  those  sepa- 
rated in  direct  tension. 

(ft)  That  the  path  of  rupture  across  a  grain,  which  usually  appears 
to  be  straight,  but  which  may  involve  serrations  such  as  to  increase  its 
apparent  length,  is  actually  no  longer  than  the  path  around  the  boundary 
of  a  spherical  grain  of  which  the  apparent  path  is  a  diametral  plane. 

(9)  In  case  the  grain  is  elongated  perpendicular  to  the  general  direc- 
tion of  stress  and  path  of  rupture,  there  are  three  potential  paths  of 
rupture : 

(a)    Across  grain,  through  C  metal. 

(6)     Across  grain,  through  A  metal  (at  a  slip  plane). 

(c)    Around  grain,  through  A  metal. 

Rupture  will  occur  along  that  path  for  which  the  product  of  area  and  unit 
strength  is  least. 

I  wish  now  to  discuss  on  this  basis  some  of  the  propositions  suggested 
by  Prof.  Jewries. 

(A)  On  page  1067  (Article  1),  the  author  explains  the  absence  of 
ductility  at  ordinary  temperatures  in  tungsten  consisting  of  equi-wtcd 
grains  as  existing  "because  the  brittle  amorphous  phase  at  the  grain 
boundaries  permits  rupture  before  a  load  sufficient  to  deform  the  malleable 
crystalline  phase  can  be  applied;"  i.e.,  because  Ta  <  Ec  at  ordinary  tem- 
peratures. In  his  other  paper  (Article  2)  he  has  found  that  ECm  for 
equi-axed  tungsten  was  approximately  1350°  C.  Therefore  Ea>Bc 
below  1350°  C.  But,  since  7'a>Ex,  therefore  Tji.>Ec  below  1350°  C, 
a  conclusion  which  is  the  exact  opposite  of  the  one  assumption  used  above. 

This  contradiction  may  be  explained,  possibly,  by  the  fact  that  the 
equi-cohesive  temperatures  which  Prof.  Jeffries  determined*  are  not  the 
equi-cohesive  temperatures  as  he  deBnes  them  on  p.  311  of  the  same 
article.  Reference  to  Fig.  I  will  illustrate  this;  the  two  curves  are  the 
stress-strain  curves  of  A  and  of  C  metal  at  a  temperature  {t),  above  the 
equi-cohesive  temperature  ECa,  as  defined  on  p.  311  by  the  author; 
i.e.,  such  that  Ec  <  E^  and  t  <  ECm-  Yet  at  a  stress,  iSi,  the  permanent 
set  of  the  crystalline  metal  is,  however,  greater  than  that  of  the  amor- 
phous metal;  it  will  be  observed  that  it  is  the  temperature  at  which,  for 
a  given  stress,  the  permanent  deformations  of  A  and  C  metal  are  equal, 
'Jnl.  Am.  Inat.  Met.  (1017)  11,  312. 
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which  the  author  determiiies  and  calls  equi-cohesive  temperature  (p. 
312). 

To  explain  lack  of  ductility  of  equi-axed  tungsten  along  the  general 
hne  of  the  author's  explanation,  we  might  then  assume  that  at  ordinary 
temperatures  we  are  above  ECe,  not  below  it. 

(B)  On  p.  1071  (Article  1),  the  author  says,  "The  underlying  reason 
for  the  loss  of  ductility  by  working  a  metal  at  a  certain  temperature  be- 
low ita  annealii^  temperature"  {EC  probably)  "and  the  regaining  of 
ductihty  by  cooling  to  some  lower  temperature,  is  that  the  amorphous 
phase  of  any  metal  will  increase  in  cohesion  on  cooling,  at  a  faster  rate 
than  the  cryetaUine  phase. "  I  believe  that  this  is  not  quite  accurately 
stated;  the  necessary  conditions  to  produce  this  effect  are  not  so  simple. 
They  appear  to  me  to  be  as  follows: 

(1)  Since  the  strength  of  the  A  metal  is  to  determine  the  ductihty, 
fracture  must  take  place  through  it;  i.e., 

where  <tiA  and  ^c  are  the  areas  of  the  potential  paths  of  rupture  through 
A  and  C  metal,  respectively. 

(2)  But  the  fact  is  established  that  fracture  takes  place  across  a  de- 
formed grain;  i.e.,  through  A  metal,  at  sUp  planes  either  in  tungsten 
(see  p.  1067)  or  in  other  metals  below  EC. 

(3)  Therefore  *j  =  *c  (approx.)  and  T^  <  Tc- 

(4)  The  condition  for  the  exhaustion  of  ductility  is  not  that  the 
"cohesion"  of  A  and  of  C  become  equal,  but  that  I^  is  not  equal  to  nor 
greater  than  Eo. 

(5)  In  order  that  the  ductility  of  deformed  metal  may  reappear  upon 
lowering  the  temperature,  the  quantity  {Ti~Ec)  must  increase  with  this 
lowering. 

These  conditions  are  represented  in  Fig.  2,  and  are  quite  possible  ones; 
in  fact  the  author's  hypothesis  could  quite  well  fix  the  case  of  tungsten. 
But  it  is  to.  be  observed  that  condition  (3)  would  require  that  in  any 
metal  within  the  temperature  rai^e  within  which  ductihty  after  deforma* 
tion  was  restored  upon  lowering  the  temperature,  fracture  should  occur 
within  the  same  temperature  range  in  an  equi-axed  grain  at  the  grain 
boundaries:  i.e.,  this  range  is  above  ECt- 

But  this  is  not  true  of  gold,  silver  and  copper,  in  which  this  identical 
phenomenon  occurs.  In  these  metals,  at  those  temperatures,  Ta  >  Tc, 
and  the  amorphous  metal  does  not  determine  strength  nor  ductihty. 

(C)  There  is,  however,  a  further  contradiction  in  the  author's  views 
to  which  I  wish  to  call  attention.  On  p.  1067  (Article  1)  he  says  that 
fibrous  tungsten  "is  ductile  because  the  grain  distortion  by  working 
arranges  the  grain  boundaries  in  such  a  manner  that  the  resistance  to 
rupture  along  them  is  so  great  that  rupture  is  forced  to  take  place  through 
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the  deformed  grains  themselves."  In  other  words,  equi-axed  tungsten 
is  brittle  because  (j>j,T^  <  ^cEc,  where  <fiA  =  <t>c  approx.  When  the  grains 
are  elongated,  <pA  becomes  large  enough  that  (^aTa  >  <t>c'Ec,  and  the 
fracture  takes  place  across  the  grain.  Now,  on  the  basts  of  assumption 
(2)  above,  this  fracture  cannot  be  through  A  metal;  for  we  should  have, 
in  that  case,  i^a^Ta  (of  fibrous  grains)  >  <i>A^TA  (of  equi-axed  grain). 
But  ^Ai  =  <t>A^  (approx.)  if  the  path  of  rupture  is  across  grain;  there- 
fore  Ta  >  Ta,  an  obvious  absurdity.  Therefore,  axial  fracture  in 
fibrous  tungsten  must  be  through  the  crystalline  metal;  i.e.,  Ta  >  Tc- 
But  this  contradicts  the  assumption  (1)  under  (S),  necessary  to  explain 
the  regaining  of  ductility  of  deformed  tungsten  upon  lowering  the 
temperature. 

These  are  some  of  the  difficulties  I  have  experienced  in  reconciling 
the  various  views  of  Prof,  Jeffries,  which  lead  me  to  wonder  whether  we 
must  not  examine  more  closely  into  the.  tacit  assumptions  which  are 
made  in  developing  such  hypotheses,  and  also  into  the  exact  nature  of 
deformation,  before  we  may  attempt  to  generalize  to  any  too  great  extent. 
Such  questions  as  the  following  must  receive  more  thorough  attention: 

(1)  Is  amorphous  metal  the  same  in  properties  whether  at  slip  planes 
or  at  grain  boundaries? 

(2)  What  is  the  actual  shape  and  area  of  a  fracture  across  a  grain ; 
in  other  words  how  serrated  is  this  path? 

(3)  Does  fracture  across  a  grain  occur  within  crystalline  or  within 
amorphous  metal? 

(4)  What  is  the  nature  of  the  resistance  to  plastic  deformation  within 
a  grain?  This  resistance  would  seem  to  be  in  reality  a  very  complex 
function. 

I  believe  the  recent  experimental  results  of  Prof.  Jeffries,  as  well  as 
those  of  other  investigators  whom  he  has  quoted,  can  contribute  much 
to  the  elucidation  of  these  specific  questions. 

J.  C.  W.  HuMFRBT,*  Sheffield,  England  (written  discussionf). — 
Prof.  Jeffries'  paper  gives  a  very  complete  description  of  the  metallurgy 
of  tungsten,  the  details  of  which  afford  a  striking  illustration  of  the  ap- 
plication of  scientific  principles  in  overcoming  practical  difficulties  of 
manufacture.  In  addition  to  this  practical  side,  it  deals  with  two  phe- 
nomena of  great  theoretical  importance  and  of  general  metallograpbic 
interest,  viz.: 

(a)  Grain  growth  in  metals. 

(b)  The  significance  of  intercrystalline  cohesion. 

It  is  chiefly  with  the  second  of  these  two  subjects  that  I  propose  to 
deal  in  the  following  remarks. 

*  Admiralty  Inepection  Officer, 
t  Received  Sept.  28,  1918. 
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On  page  1066  the  author  states  that  he  accepts  the  amorphous 
boundary  theory,  viz.,  that  the  crystals  in  a  mass  of  metal  are  joined  to 
one  another  by  a  cement  of  the  same  metal,  in  the  amorphous  or  non- 
crystalline state.  Agreeing,  as  I  also  do,  with  the  vahdity  of  this  theory, 
I  am  unable  to  accept  certain  of  the  interpretations  he  puts  upon  it, 
or  to  follow  his  arguments  as  to  the  manner  in  which  his  experimental 
data  may  be  taken  as  a  confirmation  of  its  truth. 

The  author  appears  to  consider  the  amorphous  cement  aa  occupying 
a  volume  in  the  mass  comparable  with  that  of  the  crystals,  and  deals 
with  the  mechanical  properties  of  the  mass  as  if  the  two  phases  were 
distinct  from  one  another  and  possessed  little  or  no  mutual  adhesion. 
His  comparboD  of  the  structure  of  tungsten  with  a  mass  of  iron  crystals 
embedded  in  glass  is  not,  I  think,  a  very  happy  one,  nor  is  it  indicated 
either  by  the  mechanical  properties  of  metals  in  general  nor  of  this  one 
in  particular. 

In  a  paper  (which  he  quotes  in  the  bibliography,  No.  33)  I  put  for- 
ward a  theory  based  on  the  view  that  the  amorphous  cement  owes  its 
origin  to  the  impossibility  of  two  differently  oriented  crystals  fitting 
exactly  into  one  another,  and  the  consequent  existence  of  a  certain  range 
of  atoms  between  them  which,  since  they  are  being  constrained  by  each 
crystal  in  a  different  manner,  are  forced  to  take  up  some  irregular  group- 
ing between  the  two.  According  to  this  theory,  there  is  no  sharp  hne  of 
demarcation  between  crystalline  and  amorphous,  and  the  one  must  merge 
gradually  into  the  other.  The  whole  thickness  of  the  disturbed  layer 
is  of  molecular  rather  than  of  microscopic  dimensions,  and,  while  the 
amorphous  envelopes  are  incapable  of  plastic  deformation,  yet  they  are 
capable,  in  consequence  of  their  extreme  thinness,  of  considerable  dis- 
tortion relative  to  the  crystals  they  surround  by  means  of  elastic  bending. 

In  all  metals  which  are  at  temperatures  considerably  below  that  of 
their  melting  points,  the  amorphous  phase  is,  as  is  illustrated  in  the 
author's  Plate  3  (page  1072),  of  such  an  extremely  viscous  nature  as  to 
be  incapable  of  plastic  deformation,  but  to  possess  very  considerable 
tenacity  or  cohesion.  If,  therefore,  we  accept  the  author's  theory  that 
the  intercrystalline  fracture  of  his  tungsten  is  due  to  the  brittleness  of 
the  amorphous  cement,  then  such  a  form  of  fracture  should  be  the  rule, 
rather  than  the  exception  in  other  metals.  The  paper  refers  to  one  other 
case  only,  viz.,  iron  at  the  temperature  of  liquid  air;  but  the  author  does 
not  state  whether  he  has  obtained  direct  experimental  confirmation  of 
the  fact,  nor  does  he  quote  any  authority  to  support  it.  In  Hadfield's 
paper  (No.  38  in  the  bibliography),  while  it  was  shown  that  iron  was 
brittle  at  this  low  temperature,  yet  I  can  find  no  reference  as  to  whether  the 
brittle  fractures  followed  the  crystal  boundaries  or  the  crystal  cleavages. 
Since,  however,  the  brittleness  was  accompanied  by  a  high  tenacity,  I 
should  prefer  to  assume  the  latter  rather  than  the  former. 
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When  a  metal  tends  to  fracture  around  rather  than  through  the 
crystals,  it  must  surely  be  an  indication  that  the  teivicUy  of  the  cement 
is  less  than  that  of  the  crystals,  and,  provided  the  thickness  of  the  cement 
is  sufficiently  small,  its  lack  of  plastic  ductility  does  enter  into  the  matter. 
All  metals  in  their  normal  state  tend  to  fracture  around  the  crystals 
when  at  temperatures  just  below  those  at  which  they  freeae  (bibli- 
ography, No.  31).  In  this  range,  the  amorphous  cement  is  more  capable 
of  plastic  deformation  than  the  crystalline,  but  possesses  considerably 
leas  tenacity.  Below  the  temperatures  which  the  author  terms  those 
of  "equi-cohesion,"  the  fractures  change  to  cleavage.  If,  at  still  lower 
temperatures,  the  fractures  again  reverted  to  intercrystalline,  then  it 
would  have  to  be  assumed  that  the  tenacity  of  the  amorphous  phase  had 
begun  to  decrease  with  temperature,  or  at  least  to  increase  at  a  lower  rate 
than  the  crystalline,  and  that  the  two  curves  in  the  author's  Fl^te  3 
a^ain  crossed  one  another.  Such  a  reversion  is  most  imlikely,  and 
opposed  to  all  our  experimental  knowledge. 

We  do,  however,  know  of  cases  in  which  certain  metals,  which 
normally  break  through  the  crystals,  may  be  so  altered  in  character 
as  to  tend  to  break  around  them.    Typical  examples  of  this  are: 

(a)  Gold  containing  small  percentages  of  bismuth.  It  has  been 
shown  that  the  weakness  is  due  to  the  presence  of  a  fragile  gold-bismuth 
eutectic' 

(6)  Pure  iron  which  has  been  annealed  at  certain  temperatures  and 
in  certain  atmospheres,  and  slowly  cooled  through  a  certain  range.  In 
this  case  there  is  evidence  to  indicate  that  the  weakness  is  due  to  the 
formation  of  an  iron-oxide  eutectoid.' 

(c)  Nickel-chrome  and  certain  other  alloy  steels,  when  hardened  by 
quenching,  annealed  below  the  critical  range,  and  then  allowed  slowly  to 
cool  through  a  range  of  temperature  in  the  ne^hborhood  of  500°  C. 
In  this  case  there  is  eis  yet  no  experimental  evidence  to  indicate  what  is  the 
important  factor,  but  the  general  nature  of  the  phenomena  agfun  pointe 
to  the  formation  of  a  eutectoid.* 

In  the  above  examples  it  would  appear  that,  contrary  to  the  normal 
amorphous  cement  being  responsible  for  the  intercrystalline  weakness,  it 
is  rather  the  fact  that  the  presence  of  some  foreign  material  between  the 
crystals  has  interfered  with  its  proper  formation.  It  is  suggested  that 
it  is  to  some  similar  interfering  agent  that  the  weakness  found  in  tungsten, 
as  made  by  the  process  now  employed,  should  more  properly  be  ascribed. 

'J.  0,  Arnold  and  J.  Jefferson:  Influence  of  Sm&U  Quantities  of  Impuritiee  on 
Gold  and  Copper.    Enginetring  (Feb.  7,  1806)  61,  176-179. 

'J.  C.  W.  Humfrey:  He  Intercrystalline  Fracture  of  Iron  and  Steel  Carnegie 
SchOarihip  MetnoiTi,  Iron  and  Steel  Inst.  (1912)  4,  80-105. 

'  H.  P.  Philpott:  Some  ExperimenU  or  Notohed  Bars.  March,  1918,  mMting, 
Inst,  of  Automobile  Engra.     Will  probably  be  published  in  ProceedingA  (1918-19)^12. 
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Future  researches  will,  I  think,  find  a  method  of  preparing  metallic 
tungsten  which  shall  be  free  from  such  weakness  and  have  mechanical 
properties  in  line  with  those  of  other  metals.  The  preparation  of  such 
nutterial  would  be  of  great  practical  importance  and  would  well  repay  the 
labor  of  a  lengthy  investigation. 

It  is  fairly  obvious  that  severe  deformation  by  such  processes  as  wire 
drawing  or  swaging  will  tend  to  strengthen  a  raetal  which  originally 
lacks  intercryatalline  cohesion,  since  it  must  result  in  a  certain  amount  of 
dovetailing  of  the  crystals  into  one  another.  If,  however,  it  is  assumed 
that  the  or^nal  brittleness  was  due  to  the  presence  of  the  amorphous 
cement,  it  would  appear  that  the  contrary  would  be  the  case,  since  many 
additional  planes  of  weakness  would  be  produced  by  the  formation  of 
amorphous  matter  in  the  slip  planes. 

Cold  working  of  a  metal  must  necessarily,  1  think,  be  accompanied 
by  the  formation  of  internal  stresses,  partly  due  to  unequal  external 
loading,  partly  to  the  difference  in  resistance  offered  by  the  crystals  and 
the  amorphous  matter  surrounding  them  and  formed  during  deformation, 
and  partly  to  varying  plasticities,  of  different  crystals,  owing  to  the  way 
they  are  oriented  to  the  main  axes  of  strain.  When  a  certain  degree  of 
deformation  has  been  given,  the  internal  stresses  at  certain  places  may 
rise  to  that  of  the  maximum  tenacity  of  the  metal.  Further  deformation 
at  the  same  temperature  must  then  immediately  lead  to  internal  rupture; 
this  is  the  state  of  maximum  tenacity  which  can  be  produced  in  the 
metal  by  cold  work.  If,  however,  the  temperature  of  the  metal  be 
reduced,  the  tenacities  of  both  the  crystalline  and  the  amorphous  phases 
are  increased,  and  further  deformation  may  now  be  applied  before 
the  internal  stresses  again  become  equal  to  the  tenacities,  i.e.,  the  metal 
has  acquired  additional  ductility.  This  explanation  is  applicable  to  all 
metals,  including  tungsten,  and  is  independent  of  the  relative  tenacities 
of  the  crystalline  and  amorphous  phases,  provided  only  that  both  in- 
crease with  falling  temperature. 


The  Condensation  of  Zinc  from  Its  Vapor 

Discussion  of  the  paper  of  C.  H.  Fulton,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BvUetin  No.  140,  August,  1918,  p.  1375. 

E.  E.  Thum,*  Salt  Tiake  City,  Utah  (Written  discussion t).— Dr. 
Fulton's  paper  sheds  a  great  deal  of  light  upon  questions  which  have 
perplexed  many  who  have  studied  the  metallurgy  of  zinc,  and  have  fruit- 
lessly brought  forth  several  hypotheses  and  reams  of  discussion.  It  would 
be  a  bright  day  if  others  would  follow  Dr.  Fulton's  example,  for,  as  a 


■  Western  Editor,  Chemical  and  MelMurgical  Engineering. 
t  Received  Sept.  28,  1918. 


ifl  by  Google 


1650  discubsion;  Colorado  meeting,  1918 

prominent  metallurgist  recently  said,  the  zinc  smelters'  adherence  to  old 
practices  is  not  bo  much  for  the  reason  that  no  research  has  been  under- 
taken, for  a  great  deal  has  been,  but  rather  because  the  results  have  not 
been  published. 

On  page  1383,  Dr.  Fulton  states  that  carbon  dioxide  in  excess  of  1 
.  per  cent,  is  not  found  in  the  gases  distilled  above  the  carbon-reduction 
temperature;  yet  in  Table  1,  page  1380,  we  find  in  experiment  8b,  at  per- 
haps 1500°  C,  that  COa  is  given  aa  2.5  per  cent.  Other  results,  notably 
experiment  12c  at  1500°  C,  show  higher  percentages  of  carbon  dioxide. 
Dr.  Fulton  refers  to  this  1  per  cent,  carbon  dioxide  maximum  several 
times  later  in  the  paper,  apparently  at  some  discrepancy  with  his  experi- 
mental results. 

On  page  1393,  Dr.  Fulton  states  that  the  reaction  2C0 1?  C0»  +  C 
proceeds  from  left  to  r^ht  much  more  rapidly  at  500°  than  at  700°. 
That  is  true,  of  course,  since  C0»  is  the  usual  form  at  low  temperature; 
yet  on  page  1383,  in  discussing  the  effect  of  carbon  dioxide  on  the  con- 
densation, he  states  that  at  the  end  of  the  distillation  the  proportion  of 
dioxide  increases,  particularly  "when  the  temperature  is  high  (above 
1400°),  the  monoxide  suffering  decomposition  into  carbon  dioxide 
and  carbon.  That  is  a  point,  it  seems  to  me,  that  Dr.  Fulton  would  do 
well  to  elucidate  at  some  length.  The  reaction  he  indicates  is,  of  course, 
a  reversible  reaction,  and  the  equilibrium  concentration-temperature 
diagram  has  been  well  worked  out,  showing  that  carbon  dioxide  is  stable 
at  low  temperature,  but  reverts  to  carbon  monoxide  at  higher  tempera- 
tures. Now,  if  that  reaction  again  reverses  at  1000'  C.  and  higher,  it 
would  be  a  rather  peculiar  reaction  and  of  a  type  which  is  not  at  all 
common  in  physical  chemistry,  since  highest-temperature  decomposition 
of  carbon  monoxide  might  produce  carbon  and  oxygen  rather  than  carbon 
dioxide  and  carbon. 

Dr.  Fulton  says  that  his  experiments  were  conducted  under  rigorous 
conditions  to  determine  the  gas  from  the  distillation  chamber.  '  He 
states  that  "For  this  purpose,  porcelain  and  quartz  tubes  were  used, 
having  been  demonstrated  to  be  tight  and  refractory  enough  for  the 
temperatures  employed."  These  at  times  reached  1500°  C.  One  who 
is  familiar  with  the  rapid  deterioration  of  platinum  thermocouples  in 
reducing  atmospheres  at  1500°  C,  even  when  protected  by  the  best 
fused-quartz  tubes,  would  doubtless  be  glad  to  be  reassured  as  to  this 
point.  Doubtless  Dr.  Fulton  will  give  us  detailed  information  as  to  the 
teats  he  made  to  establish  the  imperviousness  of  his  tubing,  especially 
since  Alleman  and  Darlington,  of  Swarthmore  College,  were  forced  to 
great  extremes  before  they  were  able  to  construct  a  furnace  that  was 
gas  tight  at  such  high  temperatures.'    These  two  scientists  ascribe 

'G.  Alleman  and  C.  J.  Darlingtoa:  Occluded  Gases  in  Ferrous  Alloys.  Jtd. 
Fnuiklm  Inst.  (F^b.,  1918)  lU,  161,  333,  461. 
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much  of  the  variation  in  published  results  on  occluded  gaees  in  metals 
to  insufficieiLt  precautions  to  insure  against  leakage  of  gases  through  the 
walls  of  the  apparatus  in  use. 


The  Manufacture  of  Ferro-alloys  in  the  Electric  Furnace 

DiacussioD  of  the  paper  of  Robkkt  M.  Kbenbt,  presented  at  the  Colorado  meetmg, 
September,  1918,  and  printed  in  BuUetin  No.  140,  August,  1918,  pp.  1321  to  1373. 

E.  8.  Babdwell,*  Great  Falls,  Mont,  (written  discussiont)- — There 
are  several  points  in  connection  with  the  manufacture  of  ferromanganeae 
■  in  the  electric  furnace  which  it  seems  to  me  might  prove  of  interest  in 
this  connection.  Recent  observation  of  a  number  of  electric  furnaces 
varying  considerably  in  size  and  transformer  capacity,  and  all  working 
under  the  same  conditions,  shows  the  small  furnaces  to  be  much  more 
efficient  in  operation  than  the  large  furnaces. 

The  furnaces  examined  were  all  of  the  same  type.  The  crucibles 
consisted  of  tanks  varying  in  size  from  73-^  by  15  ft.  by  i}'i  ft,  deep,  to 
12  by  20  ft.  by  9  ft.  deep,  with  linings  formed  of  carbon  electrode  butts. 
The  smaller  furnaces  had  transformer  capacity  rated  at  1500  k.v.a.; 
the  lai^est  furnace  had  a  transformer  rated  at  3000  k,v.a.  All  of  the 
furnaces  were  operated  on  three-phase,  60-cycle  current,  the  three 
electrodes  being  in  a  straight  hne.  The  voltages  varied  from  65  volts 
in  the  smaller  to  100  volts  in  the  larger  furnaces.  The  charges  con- 
sisted of  manganese  ore,  coal,  iron  turnings,  and  limestone  in  proper 
proportions. 

The  small  furnaces,  operating  at  low  voltage,  were  making  good 
recoveries.  The  slag  loss  was  low  and  the  volatilization  loss  almost  nil. 
The  larger  furnaces,  operating  at  higher  voltages,  showed  increased  loss 
of  manganese  in  the  slag  and  greatly  increased  volatilization  loss  when 
working  on  the  same  chaises  as  the  smaller  furnaces,  or  on  charges 
similarly  calculated. 

The  exact  reasons  for  this  state  of  affairs  are  difficult  to  state;  a 
number  of  factors  probably  contribute  to  the  results  obtained  in  the 
large  furnaces.  First  as  to  the  effect  of  the  higher  voltage  on  manganese 
content  of  the  slags.  Increasing  the  voltage  of  the  furnaces  apparently 
tends  to  promote  irregular  working.  The  current  takes  the  path  of 
least  resistance;  this  means  superheating  in  certain  areas  in  the  crucible 
and  insufficiently  high  temperatures  in  adjoining  areas.  The  partiaUy 
reduced  manganese  in  the  cooler  areas  passes  into  the  slag  and  escapes 
further  reduction. 

*  Metallui^t,  Anaconda  Copper  Mining  Co. 
t  Received  Sept,  20,  1918. 
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As  to  the  effect  of  the  higher  voltages  on  volatilizatioQ  losses,  it  is 
clear  that  the  reeult  of  the  excessively  high  local  temperatures  will  be  to 
augment  volatilization.  Furnaces  operating  at  the  higher  voltages  are 
also  subject  to  the  fonnation  of  accretions  consisting  of  carbide  and 
graphite,  which  tend  to  form  with  an  excess  of  carbon.  The  formation 
of  carbide  robs  the  charge  of  a  portion  of  its  lime,  rendering  the  slag 
composition  very  different  from  that  calculated  and  desired.  The 
electrodes  are  forced  up,  and  volatilization  is  still  further  increased.  The 
preaence  of  carbide  and  graphite  in  the  furnaces  working  at  the  higher 
voltages  points  to  the  existence  of  higher  temperatures  in.  these  furnaces 
than  in  those  operating  at  lower  temperatures.  The  small  furnaces 
rarely  show  signs  of  accretions,  although  both  carbide  and  graphite  are 
formed  in  them  to  a  limited  extent. 

The  advantages  to  be  gained  from  having  a  large  unit  are  obvious, 
although  there  is  much  to  be  said  in  favor  of  a  number  of  smaller  units. 
Assuming  for  the  moment  that  a  large  furnace  is  desired,  tet  us  consider 
the  voltage  to  be  employed.  It  is  evident  that  the  large  furnace  posseaees 
no  advantage  over  the  small  furnace  unless  we  can  get  proportional  or 
more  than  proportional  production  from  it.  Output,  of  course,  is 
dependent  on  power  input.  If  we  represent  the  current  by  /,  the  voltage 
between  phases  by  E,  and  the  reactance  and  impedance  by  X  and  Z 
respectively,  we  may  write  the  following  equations: 

/  =   -j-^>  Z  =  VX^+W,   Power  input  =  -y/s  EI  X  (power  factor). 

■vzz 

Examining  the  first  equation,  we  see  that  the  current  input  may  be 
increased  either  by  increasing  E  or  by  decreasing  Z.  Experiments  have 
shown  that  in  any  given  furnace  the  reactance,  X,  is  a  constant  for  all 
except  the  very  hghtest  loads;  hence  any  decrease  in  the  resistance, 
according  to  the  second  equation,  will  result  in  a  decrease  in  the  impe- 
dance and  a  corresponding  increase  in  the  current  and  power  input. 

The  resistance  of  the  charge  may  be  decreased  by  substituting  coke 
for  a  part  or  for  all  of  the  coal.  If  this  is  done,  and  if  the  voltage  be 
kept  reasonably  low,  it  should  be  possible  to  obtain  increased  power  input 
and  steadier  operating  conditions  than  are  obtainable  on  the  higher- 
voltage  furnace. 

R.  Korten'  gives  some  interesting  data  regarding  the  melting  of  ferro- 
manganese  in  the  electric  furnace,  particularly  in  the  Keller  furnace. 
He  states  that  melting  without  loss  of  manganese  by  volatilization  is  most 
certain  if  low  voltage  is  employed,  that  the  arc  mustbe  short,  and  the 
hearth  offer  as  large  a  surface  as  possible.  A  uniform  heating  over  a  large 
surface  and  not  an  intense  heating  over  a  small  surface  should  be  sought. 

While  conditions  are  not  exactly  the  same  in  electric  furnaces  for 

'Slald  und  Ei»en  (M&rch  14,  1912)  tt,  426. 
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the  smeltiog  of  manganese  ores,  my  experience  has  been  that  better 
results  are  obtained  where  low  voltagea  are  employed  and  whwi  the 
power  input  is  properly  proportioned  to  the  size  of  furnace  employed. 

As  to  the  subject  of  slags,  when  treating  Montana  carbonate  ore 
containing  36.8  per  cent.  Mn  and  6.79  per  cent.  SiOt,  using  coal  as  reducing 
agent  and  marble  as  fiux,  it  has  been  found  possible  to  keep  the  slag  loss 
below  3  per  cent,  of  the  manganese  in  the  ore.  The  average  slag  analysis 
over  a  period  of  a  week  was  as  follows:  Mn,  4,26;  SiOi,  34,37;  AljOj, 
7.93;  CaO,  44.83;  MgO,  4.10;  BaO,  0,88  per  cent. 

This  resiitt  is  extremely  good  when  compared  with  the  slag  losses 
quoted  by  Mr.  Keeney,  which  vary  from  12  to  25  per  cent.  Results 
like  these  are  easy  to  get  in  small  furnaces  working  at  low  voltages.  I 
feel  confident  that  we  shall  be  able  to  duphcate  them  in  the  large  furnaces 
after  sufficient  study. 

The  greatest  problem  that  we  have  to  solve  is  the  reduction  of  the 
volatihzation  losses.  We  know  that  it  is  possible  to  keep  this  loss  low 
in  the  small  furnaces,  and  doubtless  a  more  thorough  understanding  of 
furnace  conditions  will  enable  us  to  solve  the  problem  in  the  case  of  the 
larger  units. 

H.  W.  GiLLETT,*  Washington,  D,  C  (written  discussionf). — It 
would  be  very  interesting  if  Mr.  Keeney  would  give  the  phosphorus 
content  of  the  ores  and  slags,  as  well  as  of  the  alloys,  in  Table  2  relating 
to  ferromanganese,  so  that  one  could  compute  how  much  of  the  phos- 
phorus in  the  ore  went  to  the  metal,  how  much  to  slag,  and  how  much, 
if  any,  was  lost  by  volatilization.  In  this  connection  it  would  be 
desirable  to  know  also  the  dimensions  of  the  furnace,  especially  the  height 
of  the  column  of  charge. 

Some  recent  experiments  have  indicated  that,  by  deviating  somewhat 
from  established  practice,  it  may  be  possible  to  ehminate  a  large  pro- 
portion of  the  phosphorus  from  a  high-phosphorus  ore,  and  one  would 
like  to  know  just  how  much  of  the  phosphorus  is  retained  in  the  alloy 
in  regular  practice. 

Has  any  feasible  method  actually  been  tested  for  the  dephosphori- 
zatton  of  a  high-phosphorus  ferromanganese? 

On  p.  1350  the  conclusion  is  drawn  that,  for  a  ferro-uranium  to  con- 
tain any  uranium,  the  carbon  must  be  over  2.5  per  cent.,  and  to  hold  any 
large  amount  of  uranium,  the  carbon  must  be  over  3.5  per  cent.  However, 
ferro-uranium  has  been  made*  containing  50  to  70  per  cent.  U  and  under 
2  per  cent,  of  carbon.  This  was  produced  by  using  an  excess  of  UOi  over 
carbon  in  the  charge.     Keeney's  conclusion  that  the  carbon  content  of 

*  Chem.,  U.  S.  Bur  of  Mines, 
t  Received  Sept.  27,  1918. 

■H.  W.  Gillett  and  E.  L.  Mack:  Preparation  of  Ferro-uranium.  Bureau  of 
Mines,  Tech.  Paper  177  (1917)  27. 
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the  alloy  cannot  be  controlled  by  the  amount  of  carbon  in  the  charge  eeems 
to  be  baaed  on  experiments  with  sodium  uranate  rather  than  with  uranium 
oxide. 

It  will  be  noted  in  Table  32  that  runs  No.  97  and  98  show  a  recovery 
in  steel  respectively  of  100  and  1 18  per  cent,  of  the  U  in  the  ferro-uranium 
added.  RuusNo.  U6, 117, 118,  made  under  quite  comparable  conditions, 
show  54,  9  and  41  per  cent,  recovery. 

No  account  of  the  method  of  samplii^  the  steel,  or  of  the  method  for 
chemical  analysis  of  U  in  the  steel,  is  given.  The  discrepancies  referred 
to  may  possibly  bo  explained  by  segregation  of  U,  or  by  analytical  error. 
Several  workers  had  ill  success  with  titration  methods  for  the  determina- 
tion of  U  in  steel,  and  in  the  preparation  of  50-lb.  billets  of  uranium  steels 
of  varying  compositions,  pronounced  segregation  of  U  has  been  found 
to  be  the  rule  rather  than  the  exception,  even  when  most  earnest  pre- 
cautions were  taken  to  prevent  it.  There  is  no  question  that  it  is 
difficult  to  cause  a  large  proportion  of  the  added  U  to  be  taken  up  by  the 
steel,  but  quantitative  figures  on  recovery  may  be  greatly  in  error  unless 
the  absence  of  segregation  of  U,  which  might  afTect  the  sampUng,  is 
proved. 


Electrostatic  Precipitation 

Discussion  of  the  paper  of  O.  H.  Ebcbholz,  presented  at  the  Colorado  meeting, 
September,  1618,  and  printed  in  BnlUtin  No.  140,  August,  1918,  p.  1293. 

Haruon  r.  Fisher,*  New  York,  N,  Y. — Mr.  Eachhola  discusses  the 
particular  case  of  large  precipitators  installed  in  connection  with  large 
metallurgical  operations,  and  receiving  their  high-potential  energy 
through  the  conversion  of  alternating  current  to  direct  current  by  means 
of  the  mechanical  rectifier.  He  classifies  these  mechanical  rectifier 
installations,  according  to  source  of  power,  as  follows: 

Syilem  A. — Applications  utilizing  individual  alternating-current  generatois, 
either  sii^e-phase  or  polyphase,  installed  exclusively  for  furnishing  energy  to  one 
or  more  transformer-rectifier-precipitator  units. 

System  B. — Applications  having  no  special  alternating-current  generators,  but 
utilizing  the  existing  altemating-current  industrial  or  lighting  mains  to  supply  the 
energy  to  one  or  more  transformer-rectifier-precipitator  units. 

Syitem  C. — Applications  receiving  their  energy  from  high-tension  power  circuits 
supplied  directly  to  potential  regulator-rectifier-prectpitator  units. 

I  do  not  intend  here  to  enter  upon  a  detailed  technical  discussion  of 
the  foregoing  classes,  which  would  really  interest  only  the  manufac- 
turers of  electrical  apparatus  and  the  electrical  engineers.  A  brief 
general  discussion  follows: 

'Division  Engineer,  E^ectiiral  Engineering  Division,  Research  Corporation. 
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Sy^em  A 

Remembering  that  the  paper  under  discussion  is  confined  entirely  to 
precipitation  installations  as  applied  to  large  metallurgical  plants,  the 
author  is  undoubtedly  correct  in  stating  that  system  A-1  is  at  present 
the  most  widely  used  in  these  applications.  In  this  case,  a  generator  is 
installed  exclusively  for  the  purpose  of  furnishing  energy  to  one  trans- 
former-rectifier-precipitator  set,  thus  permitting  the  greatest  flexibility 
in  operating  control.  By  reason  of  this  flexibility,  it  may  be  possible, 
in  a  few  instances,  to  improve  slightly  on  the  dust  recovery  attainable 
with  the  simpler  installations  listed  under  system  B,  but  as  a  general  rule, 
the  simpler  installations  can  be  adjusted  to  give  any  degree  of  clearance 
desired.  A  system  utilizing  individual  generators  does  not,  in  our 
opinion,  afford  any  greater  continuity  of  operation  than  is  possible  with 
the  simpler  installations. 

System  B 

It  is  our  opinion  that,  of  the  three  systems  outlined  in  the  original 
paper,  the  simplest  arrangement  is  that  of  system  B. 

Considering  precipitation  as  applied  to  all  industries,  undoubtedly 
this  is  and  will  remain  the  most  widely  applied  system.  It  is  recognized 
that  it  should  not  be  applied  to  an  existing  power  main  having  an  energy 
capacity  but  slightly  in  excess  of  the  precipitation  demands,  nor  on  a 
power  main  subject  to  violent  fluctuations. 

The  author  states  that  voltage  control  is  obtained  by  means  of  a 
series  resistance  in  the  primary  circuit  of  the  transformer.  There  appears 
to  be  some  confusion  on  this  point;  voltage  control  is  intended  to  be 
obtained  by  transformer  primary  taps,  A  certain  amount  of  voltage 
control  can  be  obtained  by  varying  the  resistance  in  the  transformer 
primary,  but  a  distinctly  separate  and  valuable  property  of  this  resistance 
must  not  be  overlooked;  namely,  it  helps  to  absorb  the  energy  of  the 
BUi^s  and  oscillations  which  the  rectifier-precipitator  load  impresses 
upon  the  transformer  circuit. 

Most  modern  industrial  lighting  and  power  circuits  have  fairly 
close  volt^e  regulation;  hence,  in  only  abnormal  cases  will  there  be 
severe  variations  in  the  supply  line  which  may  prove  detrimental  to 
precipitator  operation. 

The  effect  of  multiple-parallel  transformer-rectifier-precipitator 
operation  on  voltage  distortion  will  generally  be  more  pronounced  in 
system  A  than  in  system  B.  The  effect  on  other  industrial  and  lighting 
apparatus  on  the  same  circuit,  the  hazard  to  life  and  equipment  caused 
by  reflection  of  high  voltage  suites  on  the  line,  etc.,  are  rather  remote 
possibilities,  particularly  if  the  same  auxiliary  protection  is  installed 
that  Mr.  Eschholz  mentions  in  the  final  paragraph  under ' '  Other  Systems. " 


ifl  by  Google 


1656  discubsiok:  Colorado  heetinq,  1918 

It  may  be  mentioned  that  caeeB  are  oq  record  where,  oq  accoimt  of 
faulty  operation,  individual  generator-transformer-rectifier  sets  have 
been  replaced  by  eynchronoua  motor-driven  rectifier-transformer  sets 
operating  directly  off  the  main  low-potential  power  supply  line,  with 
greatly  improved  operation. 

System  C 

This  system,  utilizing  enei^  directly  from  a  high-potential  alter- 
nating-current main,  has  never  been  seriously  applied,  to  our  knowledge. 
Besides  having  no  advantages  and  being  very  awkward  to  operate,  it  would 
have  many  disadvantages  over  the  two  systems  already  discussed. 

Reetification  and  Eledrode  Vibration 

As  stated  in  the  original  paper,  one  of  the  sturdiest  and  most  reliable 
pieces  of  apparatus  in  use  to-day  is  the  modem  high-tension  transformer. 
Under  even  the  most  severe  and  violent  operating  conditions  of  the  past, 
before  our  present  knowledge  of  electric  circuit  conditions  and  gas  con- 
ditioning were  available,  this  apparatus  gave  but  very  little  trouble  and 
a  very  nearly  perfect  record  may  be  expected  in  the  future. 

For  converting  alternating  current  to  direct  current,  the  old  mechan- 
ical rectifier,  because  of  its  extreme  simplicity,  ruggedness  and  ease  of 
repair,  will  always  appeal  to  the  practical  operating  man  who  has  become 
accustomed  to  its  use. 

An  important  property  of  rectifiers,  because  of  the  rapid  alternate 
opening  and  closing  of  the  high-tension  circuit,  is  the  prevention  of  long 
continuous  arcing  or  surging  in  the  precipitator,  due  to  any  temporary 
upset  of  the  electrical  equilibrium  of  the  circuit.  This  feature  of  rec- 
tifiers is  also  useful  in  instances  where  the  electrode  spacing  has  become 
less  than  would  correspond  to  the  potential  at  which  the  precipitator  is 
operating,  or  in  the  case  of  an  accidental  short-circuit.  Here  it  prevents 
abnormal  current  rushes,  and  serves  as  a  limit  to  the  short-circuit  current 
to  which  a  given  transformer  equipment  would  otherwise  be  subjected. 

The  author  mentions  electrode  vibration  as  being  due  to  unbalanced 
electrostatic  forces.  These  same  forces  have  been  found  to  exist  in  the 
most  carefully  conducted  corona  experiments,  where  practically  perfect 
centering  of  the  electrodes  within  the  outer  cylinders  could  be  assured. 
The  remedy  is  relatively  simple,  and  consists  in  placing  damping  rods, 
pipes,  or  chains  in  the  electrodes  so  as  to  interrupt  the  simple  harmonic 
vibratory  motion.  Chain  electrodes  are  less  subject  to  this  phenomenon 
than  a  single  wire  electrode,  and  in  do  instances  has  any  serious  trouble 
been  experienced  from  this  cause. 

Under  "Treater  Problems,"  the  author  mentions  certain  lines  of 
studies  for  the  improvement  of  the  precipitation  art.  It  may  be  of 
interest  to  know  that  the  more  important  of  these  have  been  carried  on 
for  an  extended  period,  and  are  being  conducted  at  the  present  time,  and 
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results  have  been  obtained  which  indicate  the  possibility  of  decided  im- 
provement both  in  the  size  of  the  precipitators  and  the  smoothness  and 
continuity  of  operation. 

B.  L.  Sackbtt,*  Tooele,  Utah. — It  may  be  interesting  to  record 
some  actual  conclusions  derived  from  two  years'  operation  of  Cottrell 
precipitators  at  the  Tooele,  Utah,  plant  of  The  International  Smeltii^ 
Co.  In  emphasizing  the  importance  of  installing  the  best  of  electrical 
equipment  in  Cottrell  power-houses,  Mr.  Eschbolz  states  a  fact  which 
cannot  be  disputed,  for  if  the  electrical  equipment  be  inefEcient  or  in- 
sufficient, the  effect  is  at  once  noted  in  unsatisfactory  treater  recoveries. 
However,  it  does  not  necessarily  follow  that  the  most  costly  installatioD 
gives  the  most  efficient  results,  as  the  experience  we  have  had  at  one  of 
our  treaters  has  shown. 

There  are  two  treaters  at  the  Tooele  plant  which  have  been  in  opera- 
tion for  about  two  years;  a  four-unit,  880-pipe  treater  working  on  the 
gas  from  the  Dwightr-Lloyd  sintering  plant;  and  a  one-unit,  220-pipe 
treater,  working  on  the  gas  from  the  copper  converters.  In  both  of 
these  treaters,  pipes  of  12  in.  diameter  and  15  ft.  long  are  used.  An 
additional  four-unit,  flue-type  treater,  which  will  treat  the  gas  from 
the  McDougall  roasting  plant,  is  now  in  course  of  construction. 

The  original  electrical  systems  installed  at  the  first  two  of  the  above 
mentioned  treaters  were:  at  the  sintering-plant  treater,  a  single-phase 
generator  supplying  power  to  four  transformer-rectifier-treater  seta 
operated  in  parallel  on  the  low-tension  side.  (Mr.  Eschholz's  classifica- 
tion A-2);  at  the  converter  treater,  a  singl&-phase  generator  supplying 
power  to  a  single  transformer-rectifier-treater  unit  (Mr.  Eschholz's  classi- 
fication A-l.) 

Our  work  at  Tooele  during  the  past  eight  months  has  led  us  to  conclude 
that  improved  treater  operations  can  be  obtained  by  using  the  electrical 
equipment  classified  by  Mr.  Eschholz  as  System  B,  namely,  low-tension, 
alternating  current  from  the  smelter  industrial  main,  supplying  power 
to  the  transformer-rectifier-treater  sets,  rather  than  system  A-2  or  A-1. 

The  four-unit  sintering-plant  treater  has  been  operating  on  system 
B  for  over  two  months,  giving  noticeably  improved  treater  efficiency  as 
compared  with  that  obtained  with  system  A-2,  due  to  an  increased 
power  input  to  the  treater,  and  a  smoother  wave  form,  as  shown  by 
oscillograms.  The  one-unit,  converter  treater  will  be  continuously 
operated  by  system  B  as  soon  as  the  necessary  equipment  arrives.  The 
new  four-unit  McDougall  roaster  treater  will  also  be  electrically  equipped 
by  system  B. 

In  all  of  our  work  at  these  treaters,  both  experimental  and  operat- 
ing, it  has  been  shown  to  our  entire  satisfaction  that  the  undesirable 

*  Blaat-fumace  Superintendent,  International  Smdting  Co. 
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posaibilitiea  to  be  looked  for  when  uaing  system  6,  as  given  by  Mr. 
Eschholz,  really  do  not  exist  if  the  installation  be  properly  made.  It 
is  actually  found  that  system  B  gives  smoother  electrical  operation, 
higher  power-plant  input,  and  consequently,  improved  treater  efficiency, 
than  did  either  of  the  other  installations;  and  at  no  time  has  there  been 
the  slightest  indication  of  any  reflected  disturbances  on  our  main  power 
Une  from  either  treater. 

Mr.~  Eschholz  states  that  the  first  eost  of  the  electrical  equipment 
for  a  Cottrell  treater  is  approximately  10  per  cent,  of  the  total  cost  of 
the  treater.  In  the  case  of  our  sintering-plant  treater,  the  cost  of  the 
electrical  equipment  was  10.2  per  cent,  of  the  total  cost  of  the  treater; 
at  the  converter  treater  it  was  15.3  per  cent. 

In  connection  with  the  cost  of  electrical  equipment,  we  have  found 
that  the  repair  charges  for  this  equipment  have  mounted  up  to  a  figure 
that  is  worthy  of  serious  consideration.  For  example,  at  our  sintering- 
plant  treater,  repairs  have  cost  slightly  over  40  per  cent,  of  the  first  cost 
of  the  equipment  in  less  than  two  years'  operation. 

Mr.  Eschholz  also  states  some  general  figures  as  to  the  value  of  the 
yearly  recovery  from  the  average  Cottrell  installation.  The  annual 
net  profit  derived  from  our  treaters,  to  be  appUed  to  construction  cost, 
is  much  less  than  that  indicated  by  Mr.  Eschholz  as  a  minimum.  In 
speaking  of  this  profit,  the  figures  given  represent  the  gross  value  of 
the  metals  contained  in  the  recovered  fume,  less  the  treater  operating 
costs,  including  repairs,  the  cost  of  smelting  the  fume,  and  making  proper 
^owance  for  the  metallurgical  losses  in  the  smelting  operation.  The 
periods  of  operation  represented  are  22  months,  and  19  months,  re- 
spectively, for  the  sintering-plant  and  converter-plant  treaters.  The 
calculations  are  based  upon  the  prevailing  metal  prices  for  the  respective 
periods  under  consideration.  At  the  sintering-plant  treater,  these 
profits  have  amounted  to  approximately  38  per  cent,  per  annum  of 
the  total  first  cost  of  the  treater.  At  the  converter  treater  they  have 
been  about  56  per  cent,  of  the  first  cost  per  annum. 

Had  the  average  metal  prices  for  the  past  10  years  been  used  as 
a  basis  for  these  calculations,  other  factors  remaining  as  they  actuiUly 
were,  the  sintering-plant  treater  would  have  shown  a  slight  loss  instead 
of  profit,  and  the  profit  per  annum  at  the  converter  treater  would  have 
been  sUghtly  less  than  8  per  cent, 

L.  D.  RiCKBTTs,  New  York,  N.  Y. — May  I  ask  what  is  the  purpose 
of  the  Cottrell  treater  in  the  converter  plant? 

B.  L.  Sackett, — The  prime  reason  for  both  treaters  was  to  abate 
the  smoke,  the  familiar  question  of  smoke  litigation  having  arisen,  which 
we  expected  to  avoid  by  removing  the  solids  from  our  escaping  gases. 

L.  D.  RiCKETTS, — After  you  began  using  the  Cottrell  treaters,  and 
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recoTering  your  lead  in  the  form  of  sulfate,  did  you  then  begm  converting ' 
the  lead  matte  from  your  blast  furnaces? 

B.  L.  Sackeit. — No;  we  do  not  handle  the  fume  from  our  lead  con- 
verters in  the  Cottrell  treatera.  That  goes  to  the  baghouse,  being  a 
product  which  is  completely  neutralized.  Our  copper  matte  carries  some 
lead,  which  we  were  anxious  to  recover,  as  well  as  to  abate  the  smoke 
damage.  It  is  only  the  copper-converter  dust  that  we  are  catching  in 
the  treater,  while  the  gas  from  the  lead  converter  goes  to  the  baghouse. 

H.  D.  Randall,*  Salt  Lake  City,  Utah. — One  important  point,  from 
the  electrical  standpoint,  is  the  fact  that  the  small  machine  of  system  A 
is  apt  to  have  a  poor  wave  form  as  compared  with  the  large  machine  in 
a  central  station.  Also  the  limited  electrostatic  capacity  of  System  A 
easily  sets  up  harmonic  vibrations  of  the  higher  frequencies.  System  B 
is  electrically  a  part  of  the  transmission  system  feeding  it,  and  owing  to 
its  comparatively  enormous  electrostatic  capacity,  is  not  subject  to  the 
phenomenon  of  resonance.  The  comparison  is  analogous  to  a  violin 
string  against  an  aerial  tram  cable. 

This,  in  itself,  is  the  strongest  argument  in  favor  of  system  B ;  and 
now  that  central  stations  and  transmission  lines  have  such  perfect  voltage 
and  frequency  regulation,  there  really  is  an  extremely  small  advantage, 
if  any,  to  be  attained  from  separate  motor-generator  sets. 

E.  P.  Mathbwson,  New  York,  N.  Y. — There  are  certain  practical 
points  connected  with  the  operation  of  the  Cottrell  plants  which  I  think 
should  be  discussed,  although  they  are  not  directly  brought  up  by  the 
author  of  the  paper. 

In  the  early  days  of  the  Cottrell  apparatus,  they  treated  moist  fumes 
or  gases  carrying  material  that  could  be  precipitated—sulphuric  acid  was 
the  first.  The  treating  of  diy  gases  seemed  to  be  a  problem,  Lately, 
we  have  been  gathering  information  from  various  plants  which  indicates 
that  a  certain  amount  of  moisture  in  the  gases  is  necessary  for  good 
precipitation  of  the  dust.  At  one  plant,  a  relative  humidification  of 
42  per  cent,  is  considered  the  best  proportion.  This  has  been  obtained 
by  sprays  of  water  from  the  roof  of  the  flue  leading  to  the  Cottrell  ap- 
paratus, and  since  those  sprays  were  put  in,  the  results  have  shown  a 
wonderful  improvement.  At  the  plant  of  the  International  Smelting 
Co.  at  Miami,  the  concentrates  treated  in  the  roasters  to  which  the  ap- 
paratus is  apphed  contain  so  much  moisture  that  the  gases  naturally 
have  the  proper  proportion,  and  the  results  at  that  plant  are  extremely 
good. 

When  visiting  a  plant  in  the  East  not  long  ago,  I  noticed  that  the 
motor-generator  set  originally  installed  had  been  discarded,  and  a  small 
synchronous  motor  had  been  put  in  to  drive  the  rectifier.    The  super- 
intendent explained  that  they  took  their  power  from  a  public  service 
*  Manager,  General  Electric  Co.  ^  -  < 

,-,;e,.,  Google 


1660  discussion:  colobado  ugbtinq,  1918 

oompaDy,  and  had  no  trouble  whatever  from  aui^es  on  the  Uae,  and  do 
complaints  at  all  from  the  power  company  since  installing  this  synchron- 
ous motor,  but  that  they  had  experienced  no  end  of  trouble  in  operating 
their  Cottrell  treater  so  long  as  they  used  a  motor-generator  set. 

I  called  the  attention  of  some  of  the  superintendents  at  our  various 
plants,  which  were  using  Cottrell  treaters,  to  this  fact,  but  it  only  seemed 
to  touch  a  sore  spot  with  them;  it  seemed  that  there  had  been  a  great 
deal  of  discussion  among  the  superintendents  of  the  various  plants,  as 
well  as  the  electrical  experts,  on  this  point.  Some  of  those  who  had  been 
instrumental  in  designing  installations  thought  that  the  dangers  from 
surges  were  so  great  that  the  use  of  synchronous  motors  was  absolutely 
unsafe,  and  that  the  possible  saving  of  a  few  dollars  should  not  be  con- 
sidered at  all  in  the  installation  of  the  Cottrell  treater;  that  the  main 
thing  was  to  get  the  dust  precipitated,  and  that  a  slight  increase  of 
efficiency  in  the  electrical  end  of  the  apparatus  was  not  worthy  of  con- 
sideration. 

On  my  present  trip,  I  have  found  that  the  electrical  expert  in  charge 
of  the  precipitation  department  in  one  of  the  plants  has  become  fully 
convinced  that  the  synchronous  motor  is  the  proper  apparatus  to  install, 
and  he  demonstrated  this  to  my  untechnical  eyes  very  clearly.  They 
had  four  motor-generator  sets  on  each  side  of  the  center  of  the  buildil^5, 
with  transformers  corresponding  to  each  set.  Four  of  these  motor- 
generator  sets  had  been  re-wound,  so  that  they  were  practically  synchron- 
ous motors,  and  were  driving  the  rectifiers.  The  power  was  supplied 
by  the  Montana  Power  Co.,  a  large  source  of  power.  I  could  see  plainly 
the  sparking  above  the  transformers  of  the  motor-generator  sets,  while 
there  was  no  sparking  whatever  on  the  other  side  of  the  building  where 
the  synchronous  motors  were  used.  The  voltage  on  the  side  where  the 
sparking  occurred  was  25,000,  and  on  the  other  side  was  27,000  to  28,000. 
It  proved  to  me  that  it  would  be  wise  for  all  who  are  contemplating 
putting  in  the  Cottrell  apparatus  to  consider  carefully  the  difference  in 
these  two  methods  of  applying  the  power  to  the  rectifier. 

There  is  one  substance  which  non-ferrous  metallurgists  have  ^ways 
found  to  give  a  great  deal  of  trouble  in  precipitating — -that  is  zinc  oxide. 
Numerous  experiments  have  shown  that  the  Cottrell  apparatus  is  n3t 
adapted  to  the  precipitation  of  zinc  oxide  where  it  occurs  in  large  quantity. 
The  zinc  oxide,  apparently — I  now  speak  in  a  non-technical  way — is 
precipitated  in  such  form  as  to  make  a  nou-conductor,  and  the  pre- 
cipitation continues  only  a  short  time  before  its  efficiency  is  greatly  im- 
paired. To  save  this  substance  it  seems  to  be  necessary  to  use  some 
filterii^  agent,  such  as  the  baghouse. 

F.  H.  ViBTS,*  New  York  City. — The  Eesearch  Corporation  haa  done 
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a  great  deal  of  work  on  the  zinc  oxide  problem,  and  has  built  a  treater  at 
a  brass  company's  plant  in  Connecticut  to  recover  the  zinc  oxidra  from 
their  oastit^  shops.  The  principal  factor  in  treating  that  fume  is  ita 
humidifioation,  which  requires  close  adjustment.  The  last  time  I  visited 
Torrington,  last  September,  they  were  making  about  85  per  cent,  recovery 
with  this  experimental  unit. 

In  comparing  the  two  systems  of  supplying  power  to  precipitator 
circuits,  a  certain  technical  point  requires  explanation:  System  B,  in 
which  a  large  source  of  power  suppUes  current  of  low  voltage  to  precipi- 
tator circuits,  is  not  nearly  so  hable  to  oscillations  as  is  a  small  generator 
with  its  armature  immediately  adjacent  to  the  primary  of  the  trans- 
former, which  may  act  as  a  mirror  to  reflect  back  to  the  transformer  any 
OBcillationa  that  may  occur  there.  These  oscillations  may  build  up  dan- 
gerous potentials  on  the  secondary  or  high-voltage  terminals  of  the  trans- 
former. The  larger  power  system  does  not  lend  itself  so  readily  to  these 
oscillations;  at  least,  it  does  not  permit  them  to  grow  to  dangerous  pro- 
portions. System  B  has  recently  been  improved  so  as  to  be  controlled 
by  a  potential  regulator  on  the  primary,  or  low-voltage  circuit,  which 
gives  very  close  regulation,  and  very  efficient  operation  between  the  taps 
on  the  primary  of  the  Cottrell  transformers.  These  transformerB  are 
provided  with  taps  on  their  primaries  bo  as  to  give  approximate  voltage 
r^ulation.  Between  these  taps,  until  recently,  it  has  been  the  custom 
to  use  a  series  resistance  to  obtain  voltage  regulation. 

I  might  comment  briefly  regarding  recent  observationB  on  the  rate 
of  dUBt  migration;  I  have  in  mind  the  case  of  fume-laden  gas  escaping 
from  a  50-ton  eommerci^  kiln  calcining  alunite  ore  for  the  production  of 
sulphate  of  potash.  This  gas  contains  not  only  very  finely  divided  fume, 
but  also  some  alum  and  coarse  duet.  When  treating  this  gas  in  a  pipe 
of  12  in.  dianieter  by  15  ft.  long,  we  find  by  filtration  tests  that  over 
99  per  cent,  of  the  solids  entering  the  pipe  are  precipitated  when  a  gas 
velocity  of  7.5  ft.  per  sec.  through  the  pipe  is  maintained.  This  means 
that  the  fume  particles  themselves  are  in  the  pipe  for  2  sec.  Considering 
the  comparatively  small  number  of  particles  entering  near  the  center  of 
the  pipe,  and  assuming  that  they  do  not  reach  the  pipe  wall  until  they 
travel  the  whole  length  of  the  pipe,  the  particles  must  travel  the  6-in. 
radius  in  2  sec.,  and  must  have  a  velocity,  due  to  electrical  stresses,  of 
3  in.  per  sec.  As  a  matter  of  fact,  most  of  the  dust  is  precipitated  in  the 
lower  6  ft.  of  the  pipe,  the  upper  6  ft.  recovering  relatively  small  quan- 
tities of  the  dust. 

B.  L.  Sackbtt. — Regarding  humidification,  we  have  found,  in  the 
case  of  our  converter  treater,  that  it  is  absolutely  essential  to  add  a 
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considerable  quantity  of  water  in  the  form  of  a  fine  mist;  before  adding 
that  moisture  we  were  not  able  to  maintain  anything  approaching  the 
proper  voltage  in  the  treater,  and  our  recoveries  were  extremely  low- 

The  gas  going  to  the  treater  enters  at  a  temperature,  before  being 
sprayed,  of  approximately  300°  F.  (150°  C);  while  the  sprays  do  not 
lower  the  temperature  very  much,  they  seem  to  add  sufficient  moisture 
to  accomplish  the  result  required. 

We  have  also  recently  learned  that  the  Western  Precipitation  Co.,  of 
Los  Angeles,  has  found  that  gases  which  have  been  rather  ineffectively 
handled  heretofore  are  now  successfully  treated  with  the  aid  of  an  efficient 
spraying  system. 

F.  G.  CoTTRELL,*  Washington,  D.  C— It  ia  interesting  to  notice  that 
points  raised  tonight,  as  still  under  active  discussion,  were  the  centers  of 
interest  in  a  great  deal  of  the  work  in  the  first  few  plants  erected. 

The  use  of  the  synchronous  motor  for  the  rectifier  drive  was  naturally 
the  first  method  adopted  in  the  laboratory,  and  was  carried  into  the 
initial  commercial  installations  at  Selby,  and  later  at  the  Balaklala  plant, 
although  even  at  Selby,  as  development  progressed,  we  tried  out  separate 
generators.  At  that  time  small  a.-c.  generators  were  not  so  easily  ob- 
tainable as  today.  The  development  of  wireless  and  other  demands  for 
small  a.-c.  generators  have  since  brought  the  technique  to  the  poiat 
where  it  is  today,  but  at  that  time  we  had  to  content  ourselves  with  a 
made-over  four-pole  d.-o,  motor,  having  a  special  armature  wound  for  it; 
but  armature  reaction  in  that  case  was  very  high.  This,  run  as  an  a.-G. 
generator,  would  carry  a  lamp-load  very  nicely,  but  we  could  not  get 
more  than  a  few  per  cent,  of  its  rating  out  of  it  on  the  rectifier  load. 

In  the  Balaklala  plant  we  went  over  to  the  three-phase  combination 
at  the  start,  but  found  that,  while  this  permitted  us  to  get  a  little  more 
precipitation  out  of  each  treater,  the  power  consumption  was  greater  in 
proportion  than  the  gain  in  efficiency  in  the  treater,  and  so  we  went  back 
again  to  the  single-phase. 

After  that,  gradually,  the  commercial  availability  of  independent 
small  generator  units  came  about,  and  they  were  adopted  in  some  of  the 
later  plants,  but  that  was  mostly  after  I  ceased  to  be  in  close  contact 
with  the  work,  and  my  knowledge  of  results  is,  therefore,  lai^ely  second- 
hand. 

Even  the  matter  of  zinc  oxide  came  prominently  to  our  attention  at 
Balaklala.  With  the  high-zinc  ores  which  they  smelted  at  certain  times, 
we  had  difficulty  with  bone-dry  precipitation,  finding  it  hard  to  hold 
the  voltage.  We  went  into  the  question  of  humidification  and  rigged 
up  sprays  which  we  found  helped  us  out.     When  the  total  zinc  in  the 
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ore  wu  low,  the  acid  in  the  roaster  fumea  was  sufficient  to  make  the 
deposit  slightly  conductive,  but  with  high-zinc  the  oxide  was  sometimes 
in  excess,  and  made  trouble.  We  were  inclined  to  the  conclusion,  at  that 
time,  that  it  would  be  necessaiy  to  have  a  sUghtly  conducting  precipitate, 
but  our  ideas  as  to  just  what  was  necessary  were  so  often  reversed  in 
that  early  work  that  I  became  very  cautious  of  drawing  any  general 
conclusions. 

That  was  particularly  true  in  the  application  of  the  process  to  cement 
works,  where  very  high  temperatures  were  to  be  encountered  and  there 
could  be  DO  appreciable  condensation  of  acid  or  moisture.  But  Mr. 
Schmidt,  at  Riverside,  was  soon  running  his  precipitators  up  to  tem- 
peratures of  450°  C,  and  even  higher,  with  cement  dust,  which  was  about 
as  dry  and  non-conductive,  in  the  ordinary  sense,  as  anything  one  could 
well  imagine;  yet  he  had  no  difficulty  from  these  static  troubles  such  as 
we  had  encountered  with  dry  deposits  at  Balaklala. 

We  therefore  had  to  revise  to  some  extent  our  ideas  of  the  significance 
of  the  non-conduotive  character  of  the  fume.  That  still  stands  out  as  a 
rather  interesting  difference  between  cement  dust,  for  example,  and  zinc 
oxide,  at  the  same  temperatures,  one  giving  very  much  more  trouble  than 
the  other.  The  essential  difference  in  the  electrical  behavior  of  the  two 
deposits  seems  most  hkely  to  be  sought  primarily  in  the  fineness  of  their 
textures. 

G.  B.  Rosenblatt,*  Salt  Lake  City,  Utah, — The  choice  between 
motor-generator  sets  and  synchronous  motors  for  driving  the  rectifier 
involves  a  point  very  often  overlooked,  which  is  the  wave  form  of  the 
power  supplied  to  the  rectifier  itself. 

The  Anaconda  Copper  Mining  Co.  is  installing  the  largest  Cottrell 
treater  in  the  world.  They  will  treat  dust  from  their  copper  roasting 
plant,  and  will  employ  a  total  of  thirteen  75-k.v.a.  outfits.  After  a 
rather  lengthy  investigation,  with  many  trial  runs  on  a  more  or  less 
commercial  design  of  treater,  employing  about  75  k.v.a.,  they  decided 
on  motor-generator  sets.  Personally  I  am  not  holding  a  brief  for  the 
motor-generator,  but  am  merely  transmitting  to  you  information  given 
to  me  by  Mr,  Murphy,  of  the  Anaconda  company. 

Their  investigations  carefully  covered  systems  A-1,  and  B,  of  Mr. 
Eschholz's  paper.  They  gave  no  consideration  to  system  A-2,  because 
of  the  conjectured  possibilities  of  regulation  troubles.  Their  cost  esti- 
mates led  them  to  believe  that  the  investment  for  system  B,  using  induc- 
tion regulators,  as  mentioned  by  Mr.  Viets,  would  come  to  so  Uttle  less 
than  the  investment  for  system  A-1,  that  their  appropriation  was  finally 
approved  on  the  basis  of  system  A-1,  and  the  plant  will  be  erected  on 
that  basis.    They  anticipate  better  operating  conditions,  less  liability 

'  Elcctrioal  engineer, 
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of  intemiption,  and  more  general  satisfaction  by  using  motor-generator 
Bets  than  by  using  the  power  of  the  Montana  Power  Co.  direct  on  eyn- 
chronous  motor-driven  rectifiers.  They  are,  however,  putting  in  one  unit 
according  to  system  B,  so  that  they  may  have  some  actual  comparisons 
under  commercial  operating  conditions. 

In  connection  with  their  tests  under  commercial  conditions,  the  Ana- 
conda company  made  a  great  many  oscillogram  tests,  the  study  of  which 
led  to  the  conclusion  that  if  a  motor-generator  set  could  be  obtained 
that  would  give  as  perfect  a  wave  form  as  the  average  commercial  power 
circuit,  then  the  motor-generator  set  would  aSord  superior  operating 
conditions.  If,  on  the  other  hand,  the  motor-generator  set  had  short- 
comings in  its  wave  form,  and  embodied  certain  harmonics,  then  trouble 
might  be  looked  for,  not  because  of  the  motor-generator  set  itself,  but 
because  the  wave  form  was  not  of  the  best.  The  smoothest  operation 
may  be  expected  with  sets  giving  the  most  perfect  wave  form — more 
perfect  than  that  of  the  average  industrial  power  supply. 

Anaconda  has  probably  done  as  much  aa  anyone  toward  developing 
the  mechanical  rectifier.  They  carefully  examined  the  possibiUties 
of  other  forms  of  electrical  apparatus  for  obtaining  uni-directional  current, 
and  considered  everything,  I  believe,  that  could  be  furnished  by  the 
manufacturers.  They  gave  particular  attention  to  the  hot  cathode 
converter,  or  "kenotron,"  as  it  is  called  by  its  principal  manufacturer. 
After  testing  It,  and  realizing  it«  inherent  disadvantages,  they  returned 
to  the  mechanically  driven  rectifier,  and  have  developed  it  to  a  very  high 
d^ree.  They  are  now  making  and  using  the  largest  mechanically 
driven  rectifier  in  the  country;  it  is  42  in.  in  diameter,  the  lai^est  previ- 
ously developed  being  36  or  37  in.  They  say  they  are  getting  excellent 
results  from  these  42-in.  rectifiers. 

E.  E.  Thum,*  Salt  Lake  City,  Utah. — In  regard  to  some  of  the  prac- 
tical points  on  moisture  content  of  fume  and  on  precipitator  construction 
brought  out  by  Mr.  Mathewson,  it  might  be  interesting  to  describe  a 
plant  about  to  be  built  at  the  Southwestern  Portland  Cement  Co.  at 
Victorville,  Cal. 

Dr.  Cottrell  spoke  of  the  work  of  Mr.  Walter  Schmidt  and  his  aaao- 
ciates  of  the  Western  Precipitation  Co.  on  hot  cement  dust.  The 
Riverside  plant,  installed  under  their  direction,  is  a  very  fine  plant  for 
the  precipitation  of  hot  dust.  However,  I  was  told  by  some  of  their 
men  that  while  the  precipitation  made  a  fine  recovery  of  dust  from  the 
furnace  gases,  it  allowed  a  considerable  quantity  of  the  finest  fume  to 
get  by.  Unfortunately,  the  fume  is  richest  in  potash,  and  as  you  all 
know,  cement-dust  potash  is  an  important  and  valuable  commodity  at 
the  present  time. 

*  Western  Editor,  Chem.  and  Met.  Enn. 
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The  Victorvilie  people  investigated  different  methods  for  recovering 
the  potash  volatilized  from  their  cement  kilns,  and  Mr.  J.  G.  Dean, 
their  chemical  engineer,  decided  that  he  would  install  a  humidification 
process  rather  than  the  electrical  process  of  precipitation.  Mr.  Dean's 
experimental  plant  takra  the  hot  gases,  sprays  them  carefully  and 
thoroughly,  thus  cooUng  them  to  about  110^  C.  by  contact  with  cold 
water  and  by  the  evaporation  of  the  atomized  spray.  These  gases  now 
contain  a.  large  percentage  of  water  vapor  and  are  passed  through  a 
condenser,  there  acting  as  a  heating  substance. 

The  condenser  itaelf  is  rather  unusual,  the  outside  and  supporting 
structure  being  made  of  reinforced  concrete;  t^e  tubes  and  Sue  sheets 
are  of  steel,  however.  Within  the  condenser  proper,  a  24-in.  vacumn 
is  maintained  above  the  weak  solutions  to  be  evaporated.  Thus  the 
humid  gases  passing  through  the  tubes  may  be  cooled  to  about  60°  C 
before  discharge.  Meanwhile  the  contained  water  vapor,  condensing  at 
100°  C.  and  below,  would  condense  about  the  very  small  particles  of 
potash  as  nuclei.  The  mist  formed  lai^ely  collects  on  the  inside  of 
the  condenser  tubes  and  trickles  down  into  a  sump,  naturally  oanying 
the  potash  in  solution. 

This  works  very  nicely,  but  it  is  hard  to  collect  mechanically  the 
last  particles  of  fog,  and  Mr.  Dean  found  that  even  after  the  gas^s 
had  passed  through  the  condenser  and  been  cooled  and  clarified,  they 
still  contained  a  considerable  amount  of  unwetted  potash  particles! 
The  amount  varied  somewhat — the  potash  recovery  being  perfect  at 
times — ^yet  under  certain  undetermined  conditions  of  burning  and  wet- 
ting, the  loss  was  lai^.  Thus  he  finally  decided  that  his  humidification 
process  was  not  as  good  as  it  might  be,  although  it  is  producing  about  a 
ton  of  potassium  sulfate  a  day. 

Therefore  he  is  now  designii^  a  Cottrell  plant  for  treating  these 
very  cool,  saturated  gases  which  come  through  from  the  spray  chambers 
and  condensers,  which  is  about  as  different  from  the  gas  at  Riverside 
as  one  could  imagine.  Preliminary  experiments  show  that  the  effluent 
from  a  precipitator  treating  these  gases  is  sensibly  potash-free  at  all 
times.  The  treater  will  contain  concrete  instead  of  iron  pipes  for  the 
grounded  electrode.  Since  the  plant  will  precipitate  a  mist  out  of  a 
saturated  gas  which  is  constantly  coohng,  the  tubes  will  be  always  wet 
from  this  potash  solution  flowing  down  on  the  inside.  This  conducting 
film  obviates  the  necessity  of  providing  a  metaUic  conductor  for  the 
grounded  side  of  the  apparatus.  Since  the  gases  are  saturated  on 
entering  and  cool  during  their  passage,  no  evaporation  of  this  film  is 
possible,  so  no  break  in  the  circuit  need  be  feared.  Encrusting  salts  and 
growth  of  crystals  are  also  impossible  in  the  absence  of  any  evaporation. 

B.  L.  Sackett. — Mr.  Thum  brings  out  a  very  interesting  point 
and  one  that  we  have  found  important.    He  speaks  of  the  ease  with 
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which  the  fiue-duat,  or  the  coarser  particles  of  it,  may  be  oaught,  and 
the  difficulty  of  catching  the  finer  particles. 

As  I  understand  it,  the  potash,  aa  it  oomirs  at  the  cement  mills, 
is  in  the  form  of  a  fume;  that  is,  has  been  formed  by  a  chemical  action, 
and  is  not  a  mechanical  dust.  At  our  plant  we  have  found  that  the 
difficulties  of  precipitating  a  fume  of  this  nature  are  far  greater  than 
with  a  straight  flue-dust. 

L.  X).  RicKETTS. — This  point  is  well  taken.  In  the  treatm£nt  of  con- 
verter gas  at  Miami,  according  to  careful  tests,  we  have  very  httle  copper 
escaping.  The  gas  is  hot,  the  solid  particles  contain  a  high  percentage  of 
copper  and  are  practically  all  precipitated,  yet  the  fume  is  dense  white 
and  practically  all  of  the  lead  and  zinc  escapes.  I  wish  to  call  attention, 
however,  to  the  fact  that  the  cooling  of  gases  by  admission  of  steam  may 
be  done  satisfactorily  so  long  as  there  is  any  zinc  or  lead  oxide  in  the 
fume,  but  unless  this  is  the  ease,  free  sulfuric  acid  will  unite  with  the 
moisture  to  form  a  dilute  solution  which  will  destroy  any  iron  work  with 
which  it  comes  in  contact.  At  the  Miami  smelter  we  had  to  close  down 
on  account  of  a  strike.  It  is  probable  that  our  steel  stack  discharging 
the  reverberatory  fumes  had  an  internal  coating  of  dust  which  was  pasty 
with  concentrated  sulfuric  acid,  and  that  when  the  close-down  came  this 
aCid  absorbed  moisture.  In  any  event,  it  practically  destroyed  a  portion 
of  the  stack. 

E.  R.  WoLCOTT,*  Los  Aisles,  Cal.  (written  discussionf). — When 
the  deposit  of  dust  or  fume  produced  by  electrostatic  precipitation  is 
non-conducting,  the  electrical  charge  is  retained  by  the  deposited  parti- 
cles. If  the  dielectric  constant  of  these  particles  be  lai^e,  the  accumulated 
charge  may  attain  a  considerable  potential..  In  extreme  cases  this  has 
been  found  to  be  of  sufficient  magnitude  to  produce  ionization  of  the  gases 
surrounding  the  deposits,  an  effect  which  is  of  course  detrimental  to 
satisfactory  precipitation  of  the  dust  and  fume.  This  "back  ionization" 
has  been  photographed  and  reprints  will  appear  shortly  in  the  Physi4xd 
Review.  "Back  ionization"  is  recognized  by  the  fact  that  the  voltage 
that  can  be  maintained  is  lowered,  sometimes  as  much  as  50  per  cent, 
of  that  which  can  be  maintained  with  clean  electrodes.  This  niay  be 
explained  by  considering  that  the  "back  ionization"  increases  the  con- 
ductivity of  the  gases  immediately  surrounding  the  deposit,  which  is 
equivalent  to  moving  the  collecting  electrode  nearer  to  the  diachai^ 
electrode,  thus  requiring  less  voltage  to  produce  an  arc. 

Any  means  for  making  the  deposits  conducting,  such  as  theaddition 
-•  of  water,  prevents  this  "lowering  of  the  arcing  voltage." 

Linn  Bhadlbt,!  New  York,  N.  Y.  (written  discusBion§), — In  reading 

•Western  Precipitation  Co. 

t  Received  Sept.  1,  1918. 

X  Chief  Engineer,  and  Acting  Manager,  Research  Corporation. 

§  Received  Sept.  U,  1918.  ,  , 
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Mr.  Eschholz'  paper  oa  certain  typas  of  electrical  equipment  for  the 
Cottrell  procesa.  It  might  be  valuable  to  consider  just  what  real  differences 
there  are  between  a  separate  motor-generator  set  and  a  synchronous' 
motor  set.  When  it  is  seen  that  the  difference  is  slight,  the  question 
arises  as  to  whether  the  results  may  not  depend  upon  other  features  than 
those  brought  out  in  the  paper.  In  both  types  the  precipitators  are 
the  same,  the  transformers  and  rectifiers  are  the  same  and,  for  good  prac- 
tice, the  non-inductive  resistance  should  be  approximately  the  same. 

The  main  differences  are  that  in  one  case  the  alternating-current 
generator  is  in  the  precipitator  power-house  and  the  rectifier  is  driven 
by  meansof  a  mechanical  coupling,  while  in  the  other  case  the  alternating- 
current  generator  is  in  some  remote  power-house  and  the  rectifier,  for 
convenience,  is  (£iven  by  a  synchronous  motor  which  is  merely  a  sub- 
stitute for  the  mechanical  coupUi^.  In  the  former  case,  the  voltage 
impre^ed  upon  the  transformer  may  be  varied  both  by  action  upon  the 
generator  field  and  by  non-inductive  resistance  between  the  alternator 
and  the  transformer.  In  the  latter  case,  voltage  r^^ation  is  limited 
to  one  method,  except  for  transformer  taps,  in  usual  practice,  but  experi- 
ence has  demonstrated  that  such  regulation  is  indeed  very  effective  and 
should  be  employed  to  some  extent  in  either  case. 

Now  if  there  is  but  sl^t  difference  in  the  r^^lating  means,  the  dif- 
erence  in  the  size  and  characteristics  of  the  alternators  should  receive 
more  attention.  It  would  seem  that  the  large-sized  and  well  designed 
alternator  would  be  preferable  as  a  source  of  the  alternating  current, 
and  direct  comparisons  confirm  this  assumption.  Of  course,  in  order 
to  get  good  results,  the  voltage  delivered  to  the  transformer  should  be 
steady,  and  if  local  conditions  do  not  give  steady  voltage,  due  to  inter- 
mittent operation  of  large  motors  on  inadequate  power  circuits,  it  is  nec- 
essary to  correct  the  fault  or  else  resort  to  motor-generator  sets. 

Thefacts  that  the  precipitator  load  is  not  continuous,  and  that  the  load 
current  is  unusual,  due  to  the  laws  of  corona  dischai^e,  should  be  con- 
sidered in  designing  a  generator,  since  the  rate  of  current  fiow  at  peak 
voltage  is  not  the  same  as  when  other  loads  are  employed.  This  accounts 
for  the  poor  wave  shape  from  an  undersized  or  poorly  designed  alternator. 


The  Effect  of  Oxygen  U{ion  the  Precipitation  of  Metals  from  Cyanide 
Solutions 

Diseiusion  of  the  paper  of  T.  6.  Cbowe,  presented  at  the  Colorado  meeting,  Septem- 
ber, 1918,  and  printed  in  Bullelin  No.  140,  August,  1918,  p.  1279. 

G.  H.  Clevbnqbk,  Colorado  Sprii^,  Colo.— Mr.  Crowe's  paper  will 
be  of  great  interest  to  cyanide  operators,  as  it  is  a  distinct  new  develop- 
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meat  in  cyaoidation.  After  reading  the  paper  it  occurred  to  me  that 
some  of  us  had  doDe  practically  the  same  thing  some  time  ago,  but  with- 
out deeiga  and  unconsciously.  I  refer  particularly  to  the  operation  of 
some  of  the  earlier  types  of  vacuum  filter,  used  in  connection  with  a  dry 
vacuum  pump  and  a  receiver,  which  is  somewhat  similar  equipment  to 
that  employed  by  Mr.  Crowe.  However,  we  did  not  appreciate  the  good 
effects  we  were  getting  from  such  of  this  solution  as  was  precipitated, 
and  it  has  remained  for  Mr.  Crowe  to  bring  distinctly  to  our  attention 
the  advantages  of  removing  air  from  cyanide  solutions  before  precipi- 
tation. Full  credit  is  therefore  due  him  for  this  very  clever  improvement 
in  the  cyanide  process. 

J.  V.  N.  DoRB,  New  York,  N.  Y.— I  think  that  Mr.  Crowe's  work 
has  been  the  greatestaingle  improvement  on  the  chemical  side  of  cyanida- 
tton  within  the  past  15  years;  other  improvements  within  that  time  have 
been  lai^ely  mechanical.  Although  he  has  shown  us  something  that 
each  of  us  should  have  known  before,  I  feel  that  he  has  made  a  very  defi- 
nite and  valuable  contribution  to  the  art. 

A.  L.  BiiOsmuLD,  Colorado  Springs,  Colo. — When  we  first  tried 
Mr.  Crowe's  process  at  the  Golden  Cycle  mill,  we  supposed  that  the  pre- 
cipitation boxes  would  have  to  be  kept  covered,  lest  the  air  should  again 
be  dissolved  in  the  solution  and  disturb  the  precipitation;  however,  we 
found  that  nothing  that  we  did  made  the  sUghtest  difference.  The 
application  of  the  system  had  the  immediate  effect  of  doubling  the 
capacity  of  the  boxes  and  giving  about  30  per  cent,  better  tailings. 

G.  T.  Hansen,*  Salt  LakeCity,  Utah. — We  have  had  occasion,  within 
recent  months,  to  heat  pregnant  solution  to  about  170'  F.,  for  the  pur- 
pose of  precipitating  copper,  before  sending  it  to  the  zinc  boxes.  We 
found  that  heating  accomplishes  practically  the  same  result,  as  r^ards 
removal  of  air,  as  applying  a  vacuum. 

Georgb  M.  TAYLORjt  Colorado  Springs,  Colo. — I  would  like  to  say, 
on  behalf  of  Mr.  Crowe,  that  at  our  two  mills,  the  Victor  and  the  Inde- 
pendence, where  we  were  treating  about  2000  tons  of  ore  per  day,  there 
was  a  saving  in  zinc  and  cyanide  of  about  $2500  a  «aonth,  or  $30,000  a 
year. 


Roasting  for  Amalgamating  and  Cyanidiog  Cripple  Creek  Su^ho- 
telluride  Gold  Ores 
Diacusaioa  of  the  p&per  of  A,  L.  BLOiirtEU)  and  M.  J.  Tbott,  presented  at  the  Colorado 
meeting,  September,  1918,  and  printed  infiuUettxNo.  140,  August,  IQIS,  p.  1265. 
J,  M.  TippETT,J  Colorado  Springs,  Colo.^ — There  are  several  points 

*  Manager,  Midvale  Minerals  Co. ;  Dayton  Placer  Kecovery  Corpn. 

t  Manager,  Milling  Department,  Portland  Gold  Mining  Co. 

X  Superintendent,  Colorado  Springs  Milling  Dept.,  Portland  Gold  Mining  Co. 


ifl  by  Google 


KOASTINO  SULPHO-TELLURIDS   GOLD    ORES  1669 

wfaich  off^  ground  for  discufision,  although  the  authors'  indicated  results 
leave  small  chance  for  ai^ument.  Under  classification  of  the  ores  as 
they  come  to  the  mill,  it  will  be  noted  that  these  are  classified  accordii^ 
to  their  lime  contents.  In  previous  years  the  classification  was  based 
upon  sulfur  contents,  CaO  not  being  considered;  class  A  would  be  called 
the  oxidized  ore  and  class  B  the  sulfides.  Classification  according  to 
CaO  is  the  first  public  indication  that  a  decided  change  in  the  ore  has 
necessitated  improved  methods  of  treatment.  The  very  serious  effect 
that  CaO,  even  in  small  quantities,  has  upon  extraction  has  been  noted 
for  some  years. 

The  bedding  of  the  ore  is  an  interesting  point;  66  per  cent,  of  the  ore, 
containing  not  more  than  2  per  cent.  CaO,  is  called  Bed  A,  while  34  per 
cent.,  containing  over  2  per  cent.  CaO,  goes  to  make  Bed  B.  Why  could 
not  all  the  ore  be  put  into  one  bed  in  which  the  CaO  would  average  ap- 
proximately 2}>4  per  cent.?  This  would  obviate  the  necessity  for  r^ula- 
tion,  and  would  avoid  poor  roasts  and  loss  of  tonm^e.  No  doubt  there 
are  good  reasons  why  this  is  not  done;  first,  can  the  two  classes  of  ore  be 
uniformly  mixed?  If  this  could  be  accomplished,  then  feed  and  heat 
conditions  in  the  roaster  could  undoubtedly  be  regulated  satisfactorily. 
Second,  if  the  class  A  ores  contained  more  than  average  sulfur,  the  ill 
effect  of  mixing  it  with  a  high  CaO  ore  would  be  more  pronounced. 

Since  roasting  is  the  most  important  step  in  the  treatment  of  these 
ores,  it  may  pay  to  examine  the  different  types  of  mechanical  roasters  in 
general  use.  These  are  the  Holthoff  straight-line,  the  Pierce  turrett, 
and  the  Edwards.  In  the  first  two  roasters,  the  rabbles  carry  the  ore 
forward  through  the  roastii^  hearth  in  practically  the  same  manner.  The 
Sdwards  roaster  operates  quite  differently,  in  that  the  ore,  on  its  passage 
through  the  roasting  hearth,  passes  from  one  side  of  the  roaster  to  the 
other  many  times  before  it  is  dischai^ed,  thereby  increasing  the  time  dur- 
ing which  the  ore  is  subjected  to  heat. 

In  describing  the  process  of  rabbling,  it  is  stated  that  with  27  pairs  of 
rabbles,  making  3  r.p.m.,  the  time  the  ore  is  passing  through  the  roaster  is 
6  hr.  In  the  Fierce  and  Holthoff  roasters  the  maximum  time  is  3  hr. 
The  greater  lei^h  of  time  during  which  the  ore  is  subjected  to  heat,  and 
the  rapid  rabbling  which  exposes  fresh  surfaces  of  ore  more  frequently, 
are  two  important  features  of  the  Edwards  roaster  which  the  other  types 
do  not  possess. 

The  remarkably  poor  sand  residues  are  an  indication  of  good  roasting 
followed  by  careful  classification.  It  would  have  been  interesting  to  state 
the  assay  of  the  residues  from  the  product  fiiner  than  100-mesh,  which  is 
approximately  30  to  50  per  cent,  of  the  total  ore  treated.  Part  ofthis 
product  consists  of  what  I  would  term  the  natural  slime  in  the  ore,  exist- 
ing as  talc  and  vein  matter,  which  generally  contains  values.  It  is  this 
product,  together  with  the  portion  finer  than  lOO-mesh  made  in  crushing 
before  roasting,  upon  which  it  is  difficult  always  to  obtain  &  low-grade 
residufl. 


DISCUSaiON:  COIiOBADO  UEETINO,   1918 


The  Tailing  Excavator  at  the  I^nt  of  the  New  Cornelia  Copper  Company, 
Ajo,  Arizona 

Ducussioa  of  the  paper  of  Frank  Mogller,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  BuUetin  No.  140,  August,  1918,  p.  1229. 

E.  P.  Mathewbon,  New  York,  N.  Y. — I  would  Uke  to  call  atten- 
tion to  the  excellent  plan  for  protecting  the  lining  of  the  tanks  from  rough 
handling  by  the  excavator.  Many  engineers,  when  considering  mechaa- 
ical  excavatora  for  lead-lined  tanks,  have  been  afraid  that  the  machin- 
ery might  get  out  of  order  and  rip  out  the  lining.  This  difficulty  seems 
to  have  been  entirely  overcome  in  this  installation,  and  those  who  have 
been  responsible  for  its  success  deserve  a  great  deal  of  credit. 

A.  F.  Case,*  Cleveland,  Ohio  (written  discusaionf ) . — The  application 
of  the  automatic  unloader  to  the  copper  leaching  process  at  Ajo  was  a  ' 
very  radical  departure  from  the  common  use  of  this  machine,  inasmuch 
as  the  only  previous  use  of  this  device  has  been  in  connection  with  the 
unloading  of  coal  and  ore  from  vessels  on  the  Great  Lakes. 

There  are  many  phases  in  connection  with  the  unloading  of  ore  from 
lake  vessels  that  are  not  presented  in  the  extraction  of  ore  tailings  from 
leaching  vats.  For  instance,  in  unloading  from  boats,  it  is  necessary  to 
provide  means  to  reach  under  the  hatches  to  parts  of  the  cargo  hold 
which  do  not  lie  directly  under  the  hatches,  and  to  work  in  inaccessible 
places  that  do  not  exist  in  a  leaching  vat.  These  necessities  require- 
complications  that  could  be  very  easily  dispensed  with  in  this  new  appli- 
cation. On  this  account  the  unloader,  as  applied  to  the  New  Cornelia 
plant,  represents  what  is  probably  the  simplest  development  of  the 
machine  that  has  ever  been  produced,  and,  manifestly,  in  its  simplest 
form  it  could  be  expected  to  show  results  corresponding  to  its  perform- 
ances when  installed  with  all  of  its  complications. 

One  of  the  requirements  of  vessel  unloading  is  extreme  vertical 
travel,  when  the  bucket  is  required  to  reach  the  bottom  of  the  cargo 
hold,  often  12  or  13  ft.  below  water-level,  and  discharge  into  a  receptacle 
30  ft.  above  the  water.  This  was  materially  simplified  at  Ajo  for  the 
reason  that  the  vertical  travel  was  never  more  than  20  ft.  This  con- 
dition immediately  resulted  in  the  possibility  of  shortening  the  walking 
beam  which  carries  the  bucket  leg,  and,  in  fact,  in  entirely  reducing  the 
size  of  all  the  working  parts  of  the  trolley,  walking  beam,  and  bucket 
leg,  as  far  as  reaches  were  concerned. 

•Engineer,  Coal  &  Ore  Handling  Dept.  of  the  Wellman-Seaver-Morgan  Co. 
t  Received  Oct.  7,  1918. 
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The  bucket  is  iDteresting  on  account  of  its  mechanical  operation. 
The  shells  of  this  bucket  are  carried  on  heavy  cast-eteel  supporting  arms 
which  are  attached  to  the  bucket  pins  to  which  the  shells  are  in  turn 
attached;  the  arms,  in  turn,  being  carried  on  roller-mounted  pins  which 
are  guided  by  horizontal  and  vertical  guides  in  the  lower  end  of  the 
bucket  leg.  The  purpose  of  this  arrangement  is  to  control  the  path 
of  the  cutting  edge  of  the  bucket  shell  so  that  a  sharp  edge  is  at  all  times 
presented  to  the  material  in  which  the  bucket  is  working,  thus  Tninimin- 
ing  the  effort  required  to  close  the  shells. 

In  this  machine,  three  chain  drums  are  required  for  opening  and 
closing  the  bucket;  two  closing  drums  located  on  the  outside  of  the 
bucket  leg,  and  one  opening  drum,  located  in  the  center  of  the  leg,  all 
on  the  same  shaft.  As  the  chains  lead  to  these  drums  from  opposite 
sides,  the  opening  and  closing  of  the  bucket  is  accomplished  by  simply 
■  reversing  the  direction  of  rotation.  In  order  to  compensate  for  the 
changes  of  the  relative  lengths  of  the  chains  in  opening  and  closing,  the 
drums  are  made  cam-shaped. 

The  immense  closing  pressure  required  at  the  cutting  lips  is  obtained 
by  the  introduction  of  gearing  connecting  the  chain  drums  to  a  power 
wheel  located  in  the  bucket  leg.  The  upper  shaft,  carrying  the  power 
wheel,  is  rotated  by  ropes  which  lead  to  the  bucket-operating  mechanism 
in  the  rear  end  of  the  walking-beam. 

In  addition  to  the  bucket-operating  mechanism,  all  of  the  machinery 
for  operating  the  rotating  and  beam-hoist  motions  are  also  located  in 
the  back  of  the  walking-beam.  In  this  position  they  act  as  a  counter- 
weight to  counterbalance  the  weight  of  the  bucket  parts.  This  feature 
of  the  machine  is  one  that  is  important,  as  it  is  possible  in  this  way  to 
secure  accurate  control  because  the  balance  of  the  walking  beam  can  be 
delicately  adjusted. 

We  have  mentioned  the  motion  of  rotation,  which  is  also  applied 
to  the  bucket.  This  permits  the  operator  to  rotate  the  bucket  at  right 
angles  to  the  normal  position,  thus  enabling  the  bucket  to  reach  into 
places  that  would  otherwise  be  inaccessible. 

It  might  be  interesting  to  note  the  power  requirements,  in  terms 
of  motor  capacities,  of  this  equipment.  The  motors  have  the  following 
ratings : 

Bucket  hoist ISO  hp. 

Bucket  olosing iOO  hp. 

Trolley  travel 100  hp. 

Bridge  travel IOO  hp. 

Sotating 16  hp. 

These  motors  are  all  provided  with  magnetic  braking  control,  with 
the  exception  of  the  rotating  motor. 
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The  conditions  existLDg  at  Ajo  required  some  provision  for  moving 
the  machine  transversely,  in  order  that  it  might  he  used  over  a  duplicate 
set  of  vata.  For  this  purpose  a  transfer  table  was  introduced.  The 
table  consists  simply  of  a  structural  frame  carrying  a  section  of  the 
excavator  runway,  and  provided  with  trucks  which  travel  at  right  angles 
to  the  main  runways.  The  transfer  runways  are  about  5  ft.  below  the 
main  tracks.  Electric  conductors  are  provided  for  supplying  current 
to  the  motor  for  moving  the  table,  as  well  as  short  sections  of  main 
conductor  for  supplying  current  to  the  excavator  when  running  on  and 
off  the  table.    An  80-hp.  motor  is  provided  for  moving  the  transfer  table. 


DucuBsion  of  the  paper  of  Richard  B.  Mdore,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  Buiietin  No.  140,  August,  1918,  p.  1165. 

W.  A.  ScHLESiNOGB,*  Denver,  Colo. — ^Two  problems  are  of  great 
intefest  to  the  radium  manufacturer  at  the  present  time:  The  first  is  to 
perfect  a  process,  more  efficient  and  more  economical,  which  is  capable 
of  treating  a  greater  variety  of  ores.  Practically  all  the  radium  now 
manufactured  in  the  United  States  is  extracted  from  caruotite  ores  and 
these  vary  a  great  deal  according  to  their  location.  The  amount  of  sul- 
fates contained  in  the  ore  is  of  particular  importance,  and  any  straight 
acid-leaching  method,  such  as  developed  by  the  Bureau  of  Mines,  becomes 
prohibitive  when  the  ore  contains  more  than  0.5  per  cent,  of  sulfates, 
as  the  sulfates  go  into  solution  and  naturally  precipitate  the  radium 
as  insoluble  radium  sulfate.  Since  the  amount  of  ore  obtained  from 
any  one  claim  is  usually  comparatively  small,  it  is  necessary  to  work 
a  number  of  claims  in  different  localities,  and  a  process,  in  order  to  be 
commercially  satisfactory,  should  handle  all  of  these  ores.  In  other 
words,  it  would  be  entirely  unprofitable  for  radium  manufacturers 
to  employ  any  process  which  cannot  treat  any  but  sulfate-free  ores. 
He  must  deal  with  carnotitc  containing  appreciable  amounts  of  sulfates, 
and  must  be  able  to  work  this  in  with  the  other  ores.  Carbonaceous 
ores  from  certain  sections  in  Utah,  which  are  known  to  contain  as  much  as 
10  per  cent,  and  more  of  volatile  matters,  are  prone  to  a  nitric  acid- 
leaching  process. 

The  second  problem  relates  to  the  treatment  of  concentrates.  There 
is  no  doubt  that  a  very  lai^e  amount  of  iow-^ade  ore,  containing  less 
than  0.75  per  cent,  uranium  oxide,  m  available.  It  has  been  demonstrated 
that  these  ores  can  be  concentrated,  but  there  is  still  room  for  research 


•The  Radium  Company  of  Colorado,  Inc.     (Fonnerly  The  SchleMUger  Radium 

Co.) 
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work  to  develop  a  procees  that  will  efficiently  handle  such  concentrates. 
The  strai^t  acid-leaching  method,  if  used  with  concentrates,  is  con- 
fronted by  difficulties  in  filtering.  The  concentrates  are  naturally  very 
fine,  and  when  leached  with  acid  will  easily  clog  the  filtering  medium. 

It  was  suggested  that,  by  mixing  concentrates  with  straight  ore  ground 
to  20  mesh,  one  could  overcome  the  filtering  difficulties,  with  a  straight 
acid-leaching  method  on  sulfatc-free  ores,  by  the  use  of  pressure  filters, 
and  obtain  an  extraction  of  approximately  75  per  cent.  If,  however, 
this  method  gives  an  extraction  of  95  per  cent,  on  the  straight  ore  alone, 
and  if  by  mixing  with  25  per  cent,  of  concentrates  the  combined  extraction 
is  reduced  to  75  per  cent.,  no  advantage  is  gained  by  this  procedure. 

A  considerable  amount  of  radium  has  lately  been  used  in  the  manu- 
facture of  self-luminous  compounds,  consisting  of  specially  prepared  zinc 
sulfide  mixed  with  varying  amounts  of  radium.  The  powder  is  then, 
with  the  help  of  a  suitable  varnish,  made  into  a  paint  and  appUed  with  a 
brush.  The  character  of  the  varnish  varies  according  to  the  use  to  which 
one  wishes  to  put  the  paint,  and  whether  or  not  the  paint  has  to  withstand 
the  action  of  alcohol,  glycerine,  or  water.  We  have  applied  self-luminous 
radium  preparations  to  over  half  a  million  Government  instruments 
since  the  outbreak  of  the  war.  Units  for  luminosity  measurements  have 
also  been  developed,  and  the  luminosity  of  these  paints  is  now  being 
measured  in  micro-lamberts,  which  are  a  fraction  of  a  candle  power. 

The  suggested  use  of  mesothorium  is  very  interesting,  but  little  has 
been  published  and  few  experiments  have  been  made  in  this  country  to 
show  whether  mesothorium  is  as  efficient  aa  radium  when  mixed  witii 
zinc  sulfide  for  .luminous  paint.  Experimental  data  should  be  collected 
to  show  the  rate  of  deterioration  of  zinc  sulfide'  when  mixed  with 
mesothorium. 

I  do  not  think  a  shortage  of  radium  will  occur  for  years  to  come, 
especially  in  view  of  the  low^rade  deposits.  The  amount  of  radium 
used  for  luminous  paints,  even  now,  is  comparatively  small;  probably 
500  mill^ams  is  being  used  every  month  for  the  manuf'acture  of  luminous 
paint  for  war  purposes  in  this  country, 

R.  B.  Moore. — I  have  been  asked  to  say  a  few  words  about  Dr. 
Douglas  in  his  connection  with  radium.  The  radium  I  have  showed  you 
was  some  which  was  produced  by  the  National  Radium  Institute,  in 
which  Dr.  Douglas  was  greatly  interested;  in  fact,  he  was  one  of  those 
who  financed  that  organization.  He  did  this  mainly  for  two  reasons; 
first,  as  a  philanthropic  object  for  the  alleviation  of  suffering  from  cancer, 
and  secondly,  because  of  his  interest  in  scientific  and  technical  progress 
of  all  kinds. 

At  that  time  the  extraction  of  radium  from  ores  had  been  only  sUghtly 
investigated;  practically  notbii^  was  known  about  it  in  this  country. 
All  of  the  radium  he  obtained  as  his  share  in  the  0[>erations  went  to  the 
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Memorial  Hospital,  in  New  York,  and  is  still  there  as  a  gift  to  the 
Hospital.  Dr.  Douglas,  therefore,  accomplished  the  two  objects  he  had 
in  mind — he  helped  to  make  possible  a  study  of  the  technical  methods 
of  extraction  and  at  the  same  time  gave  his  share  of  the  radium  obtained 
for  research  work  in  cancer  treatment. 


An  InteipretatioiL  of  the  So-called  ParafBn  Dirt  of  the  Gulf  Coast  Oil 
Fields 

Diacusaion  of  the  paper  of  Albert  D.  Brok&w,  preeented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  Bulletin  No.  136,  April,  1918,  pp.  947  to  950. 

W.  G.  Matteson,*  Fort  Worth,  Tex.  (written  discussionf). — Dr. 
Brokaw  has  evidently  given  a  great  deal  of  time  and  study  to  this  phe- 
nomenon and  his  conclusions  seem  sound  and  logical. 

Mr.  Lee  Hager  was  probably  the  first  geologist  of  repute  to  attach 
any  great  importance  to  the  occurrence  of  paraffin  dirt  in  connection  with 
the  Gulf  Coast  oil-producing  salt  domes.  The  writer  has  been  reliably 
informed  that  through  his  discussion,  the  idea  was  promulgated  that  the 
presence  of  this  so-called  paraffin  dirt  was  one  of  the  most  important  and 
reliable  indications  of  the  presence  of  an  oil-producing  salt  dome.  De- 
spite very  strong  evidence  to  the  contrary,  Hager  evidently  still  has  con- 
siderable confidence  in  this  theory,  as  brought  forth  in  his  discussion* 
of  Dr.  Brokaw's  paper.  Hager  here  gives  all  the  paraffin  dirt  occurrences 
known  to  him,  and  adds,  "  Fifteen  of  these  localities,  including  practically 
all  of  the  greatest  fields,  have  produced  oil  in  some  quantity." 

The  acceptance  of  the  list  of  occurrences  as  submitted  by  Hager 
depends  upon  what  material  we  are  justified  in  including  under  the  term 
"paraffin  dirt."  If  we  agree  to  a  broad  classification,  whereby  paraffin 
dirt  is  to  include  -all  spongy,  earthy,  decomposed,  vegetable  material, 
or  spongy  soil  impregnated  with  the  same,  then  Hager's  list  will  have  to 
be  not  only  accepted  but  perhaps  enlarged.  On  the  other  hand,  if  we 
confine  ourselves  to  a  strict  interpretation  of  the  substance  known  as 
paraffin  dirt,  based  upon  typical  occurrences,  general  understanding, 
and  application,  several  of  Hager's  occurrences  will  be  seriously  ques- 
tioned by  many  geologists.  The  typical  material  is  excellently  described 
by  Hager  Eis  a  dirt  or  soil-like  substance  "  resilient  to  the  step,  like  rubber, 
which  falls  apart  in  small  squares  when  Aug.  Intimately  mixed  with  the 
soil  itself  and  between  the  cracks  and  joint  planes  is  a  yellow,  jelly-like 

'Consulting  Petroleum  Geologist  and  Engineer, 
t  Received  Sept.  24,  1916. 
■Bulletin  No.  140  (Aug.  1918)  1158. 
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substance  resembling  paraffin  or  soft,  yellow  beeswax."  The  material 
is  generally  brownish  to  dark  brown  in  color. 

Many  able  geologists,  who  have  carefully  investigated  the  territory 
at  Anse  La  Butte,  have  failed  to  observe  any  such  material  as  above 
described  within  "100  ft.  of  the  best  well  in  the  field."  A  deposit  of 
spongy,  vegetable  matter  was  found  near  the  heart  of  the  field,  but  it 
in  no  way  resembled  paraffin  dirt.  In  a  personal  communication  to  the 
writer,  Wilham  Kennedy  states  that  he  could  not  find  any  of  the  dirt 
in  the  proved  part  of  the  field,  but  observed  some  peat-like  material 
considerably  to  the  east,  where  several  dry  holes  had  been  drilled  in  the 
vicinity  of  the  occurrence.  In  the  Jennings  field,  some  peculiar  clays 
were  observed,  and  again  at  Terry,  some  slimy,  stinking  vegetable  mate- 
rial and  soil  were  found  which  in  no  way  resembled  paraffin  dirt,  even 
in  the  altered  form  described  by  Hager.  Here  again  several  dry  boles 
were  drilled  in  close  proximity  to  this  substance.  William  Kennedy, 
one  of  the  ablest  and  most  experienced  Gulf  Coast  investigators,  has 
stated  that  he  was  never  able  to  find  any  evidence  of  paraffin  dirt  near 
or  around  Spindle  Top,  although  he  has  examined  that  area  carefully 
several  times. 

As  to  the  statement  that  this  dirt  is  found  close  to  the  discovery  well  at 
Humble,  C.  E.  Barrett  did  not  drill  the  discovery  well;  his  well  went  into 
gypsum  and  was  abandoned.  D.  R.  Beatty,  in  1905,  brought  in  the  first 
commercial  producer  at  Humble.  Some  paraffin  dirt  has  been  found  at 
Humble,  however,  although  the  occurrence  had  nothing  to  do  with  the 
location  and  discovery  of  the  dome.  Some  quantity  of  typical  material 
occurs  at  Hackberry,  yet  five  or  six  wells,  1600  to  2200  ft.  in  depth, 
failed  to  obtain  even  gas. 

Hager  claims  that  Batson  was  discovered  through  presence  of  this 
paraffin  dirt,  the  discovery  well  being  located  close  to  its  outcrop.  It  is 
doubtful  if  Judge  Douglass  would  have  made  his  location  in  the  vicinity 
of  the  dirt,  were  it  not  for  the  quantity  of  gas  escaping  near  there.  In 
view  of  many  subsequent  drilling  failures  on  evidence  of  this  paraffin 
dirt,  too  much  weight  should  not  be  given  the  Batson  occurrence. 

It  is  true  that  small  quantities  of  paraffin  dirt  are  found  in  the  vicinity 
of  several  oil-producing  salt  domes,  but  it  is  most  significant  that,  with 
possibly  the  exception  of  Batson,  cited  by  Hager,  none  of  these  domes 
was  located  and  drilled  by  reason  of  the  presence  of  this  dirt.  The  dome 
or  mound-like  character  of  the  area,  or  other  topographic  features,  the 
presence  of  sour  springs,  salt  springs,  asphalt  seeps,  gas  seepages,  etc., 
this  was  the  evidence  by  which  95  per  cent,  of  the  oil-producing  salt  domes 
were  located  and  drilled. 

What  has  been  the  result  when  well  locations  have  been  made  ac- 
cording to  the  presence  of  paraffin  dirt  only,  and  without  some  of  the 
more  reliable  and  conclusive  evidence  such  as  has  just  been  cited?    In 
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Chambers  County  and  at  Bayou  Caster,  wells  drilled  near  paraffin  dirt 
failed  to  find  oil  in  commercial  quantity  and  were  abandoned.  Wells 
drilled  at  the  eastern  vicinity  of  Anse  La  Butte,  where  the  dirt  is  said  to 
occur,  were  abandoned  as  failures.  The  largest  and  most  characteristic 
deposit  of  this  dirt  is  found  in  Sabine  County,  south  of  Low  Creek,  in 
the  vicinity  of  Sabinetown.  Wells  drilled  on  the  evidence  of  this  dirt 
here  found  only  some  gas,  but  no  oil  in  commercial  quantity.  These  are 
a  few  of  the  instances  the  writer  bad  in  mind  when  making  the  statement* 
to  which  Hager  takes  exception,  that  "where  drilling  has  take  place  in 
the  vicinity  of  this  paraffin  dirt,  the  results  have  been  a  failure."  And 
even  Hager's  confidence  in  this  material  must  have  undergone  some 
change  when  he  has  been  reliably  reported  as  turning  down  the  Columbia 
field. 

As  to  Hager's  concluding  arguments,'  he  bases  the  importance  of  the 
paraffin  dirt  as  an  indication  of  the  nearby  presence  of  oil  on  his  con- 
tention that  the  gas  so  intimately  concerned  in  the  formation  of  this  dirt 
,is  petroleum  gas.  Why  petroleum  gas?  Would  not  methane  or  marsh 
gas  serve  equally  well?  Owing  to  its  widespread  occurrence  in  the  Gulf 
Coastal  plain,  would  not  marsh  gas  be  a  more  common  and  plausible 
source?  Does  not  the  fact  that  this  paraffin  dirt  is  found  widely  scat- 
tered, and  in  places  where  drilling  has  failed  to  yield  oil  in  anything  like 
commercial  quantity,  strengthen  the  evidence  that  marsh  Ras  is  more 
concerned  in  the  formation  of  the  dirt  than  petroleum  gas?  In  escaping, 
marsh  gas  may  be  diffused  over  a  small  area  at  the  surface  instead  of 
issuing  from  one  particular  spot.  Would  not  this  method  of  escape 
explain  the  areal  extent  of  these  paraffin  dirt  deposits  better  than  if  the 
escaping  gas  were  confined  to  one  vent?  As  for  quantity  of  gas,  the 
writer  has  observed  places  in  the  Gulf  Coastal  plain  where  marsh  gas 
has  been  escaping  in  considerable  and  undiminished  volume  for  many 
years.  Moreover,  have  we  any  direct  evidence  to  prove  that  the  forma- 
tion of  this  dirt  is  the  product  of  ages?  And  if  petroleum  gas  is  the  gas 
concerned  in  the  process  of  formation,  why  do  we  not  find  this  paraffin 
dirt  extending  to  considerable  depth  along  the  passage  of  escape  taken 
by  the  petroleum  gas? 

In  concluding  this  discussion,  the  writer  wishes  to  emphasize  the 
following  points: 

1.  C'ertain  spongy  soils,  highly  impregnated  with  vegetable  matter, 
should  not  be  mistaken  for  paraffin  dirt. 

2.  Some  reported  important  occurrences  of  paraffin  dirt  are  not  the 
typical  dirt,  but  the  material  referred  to  in  1, 

3.  Small  quantities  of  paraffin  dirt  have  been  observed  at  a  few  of 
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the  important  oil-producing  salt  domes  along  the  Gulf  coast,  but  none 
of  these  domes,  with  the  possible  exception  of  Batson,  was  discovered 
and  drilled  on  the  evidence  of  this  paraffin  dirt. 

4.  Drilling,  based  solely  on  the  presence  of  paraffin  dirt  and  often 
where  this  dirt  has  been  observed  most  characteristically  and  in  unusual 
quantity,  has  almost  invariably  failed  to  open  up  new  commercial 
fields,  or  to  develop  oil  in  anything  like  paying  quantities.  Thousands 
of  dollars  have  already  been  lost  on  such  propositions. 

5.  Paraffin  dirt  as  an  indicator  of  the  presence  of  domes  and  the 
commercial  accumulation  of  oil,  is  so  erratic  and  unreliable  as  to  be  of 
little  concrete  value  to  the  careful,  conservative  investigator. 


The  Byproduct  Coke  Oven  and  its  Products 

IMacuBsioii  of  the  paper  of  Wnxuu  Hutton  Blatttblt,  presented  at  the  Colorado 
meetii^,  September,  1918,  and  printed  in  BvUelin  No.  135,  March,  1918,  p.  697. 

Graham  Bright,*  East  Pittsburgh,  Pa.- — Bee-hive  coke  ovens  are 
usually  located  at  the  mines,  where  the  gases  from  the  ovens  are  not 
strongly  objectionable  because  the  communities  are  not  thickly  built 
up.  The  byproduct  oven  will  naturally  be  located  near  centersof  industry, 
to  which  the  coal  can  be  brought  from  different  directions  and  desirable 
mixtures  can  be  made;  where  also  the  byproducts  can  be  readily  marketed, 
while  the  gas  can  be  utilized  for  industrial  and  domestic  purposes. 

Not  much  thought  seems  to  have  been  given  to  the  gases  escaping 
from  the  byproduct  coke  oven,  which  are  more  or  less  objectionable  in 
thickly  populated  sections.  When  the  byproduct  oven  shall  have  been 
more  widely  installed,  this  question  is  likely  to  become  serious,  and  it 
will  be  necessary  to  apply  remedies.  May  I  ask  what  has  been  done,  or 
is  going  to  be  done,  in  this  direction? 

S.  A.  MoB8,t  Lynn,  Mass. — One  cause  of  escaping  gas  is  that  the  gas 
exhausters  do  not  supply  the  proper  suction.  If  a  satisfactory  regulating 
governor  is  applied  and  the  correct  kind  of  gas  exhauster  is  used,  the 
trouble  will  be  eliminated. 

J.  I.  Thompson,!  Pittsburgh,  Pa. — The  Koppers  Co.  has  made  a  care- 
ful study  of  the  question  of  smoke  prevention.  The  smoke  caused  by 
the  operation  of  the  byproduct  coke  ovens  is  infinitely  less  than  that 
caused  by  bee-hive  ovens. 

The  difficulties  in  preventing  the  last  traces  of  smoke  in  byproduct 
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tMechaoical  Engineer. 

X  Chief  Engineer,  H.  Eoppera  Co. 
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ovena  are  largely  mechanical  but  are  serioua  difficulties,  conaiderii^  that 
it  is  necessary  to  charge  the  10  to  15  tons  of  coal  into  a  heated  oven  in 
such  a  maQoer  that  no  gas  shall  escape.  The  principal  loss  of  gas  occurs 
during  this  operation  of  charging  the  ovens  when  it  is  not  possible  to  con- 
duct all  of  the  gas  into  the  mains  leading  to  the  byproduct  apparatus. 
A  great  deal  of  study  is  being  given  to  this  matter,  and  the  Koppers 
Co.  has  constructed  a  plant  in  St.  Paul  which  is  equipped  with  certain 
devices  for  correcting  this  nuisance.  The  method  employed  is  to  carry 
a  portion  of  the  escaping  gases  into  the  stack  and  discharge  them  high 
enough  above  the  ground  so  that  they  will  not  be  objectionable,  while 
the  remainder  will  be  recovered  and  led  into  the  byproduct  apparatus. 


The  Use  of  Coal  in  Pulverized  Form 

Discussion  of  the  paper  of  H.  R.  Coluns,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  BuUelin  No.  136,  April,  1918,  p.  955. 

E.  A.  HoLBEOOK,*Urbana,  111.— To  those  who  have  followed  the  de- 
velopment •  of  powdered  coal  two  questions  often  occur.  First,  as  to 
the  moisture  in  the  coiJ.  In  Ilhnois  we  recognize  that  the  bituminous 
coals  contain  about  12  to  15  per  cent,  of  what  we  call  "  contained  mois- 
ture," that  is,  the  moisture  is  present  in  the  coal  although  this  may  api>ear 
absolutely  dry  and  dusty.  In  addition,  the  surface  moisture  may  be 
present  in  any  amount.  I  would  like  to  ask  what  is  the  relative  effect 
of  these  two  forms  of  moisture  upon  the  work  of  pulverizing.  Does 
Mr.  Collins  refer  to  the  contained  moisture  or  to  the  surface  moisture  in 
estimating  the  degree  to  which  the  coal  must  be  dried? 

H,  R.  Collins. — -In  the  Ugnite  coals,  of  which  this  country  possesses 
a  great  deal  and  is  beginning  to  develop  them  to  considerable  extent,  the 
"contained"  or  "combined"  moisture  does  not  trouble  us;  we  have  no 
difficulty  in  reducing  lignite  to  a  high  degree  of  fineness.  But  when  deal- 
ing with  bituminous,  sub-bituminous,  or  semi-bituminous,  we  prefer 
to  reduce  the  combined  moisture  as  well  as  the  hydroscopic  moisture  as 
far  as  possible. 

We  have  recently  put  into  operation,  at  a  plant,  furnaces  and  boilers 
consuming  the  lignite  from  northern  New  Mexico,  which  contains 
between  4  and  5  per  cent,  moisture  as  we  pulverize  and  bum  it. 

The  evaporating  efficiencies  under  the  boilers  have  been  so  remarkable 
that  we  wish  to  check  the  results  half  a  dozen  times  before  quoting  them. 
We  have  also  just  started  two  boilers  at  the  Garfield  smelter,  and  have 
obtained  the  same  high  efficiencies. 

*  Supervising  Mining  Engineer  and  Metallurgist,  U.  8.  Bureau  of  Mines. 
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E.  A.  HotBKOOK, — My  second  question  relates  to  the  objectionable 
filagging  that  sometimes  occurs  when  pilverized  bituminous  coals  are 
used  as  boiler  fuel.  The  first  pulverized-coal  installation  I  saw  in  this 
country  was  of  Bettington  boilers  at  one  of  the  Nova  Scotia  coal  mines; 
there  their  great  difficulty  arose  from  the  slagging  of  the  ash  due  to  the 
exceedingly  high  temperatures. 

H.  R.  Collins. — Slag,  as  a  rule,  does  not  seriously  affect  metal- 
lurgical work,  but  in  boiler  practice  it  has  given  a  lot  of  trouble  and  re- 
quired a  great  deal  of  study  and  experiment.  Temperature  we  were 
all  famihar  with,  but  failed  in  the  beginning  to  take  into  account  the 
expansion  of  gases.  If  the  air  goes  into  the  furnace  preheated,  its 
volume  at  that  temperature  must  be  taken  into  account.  For  many 
years,  furnaces  were  made  too  small,  and  when  we  began  to  develop  these 
high  temperatures  we  were  continually  burning  out  our  brick-work, 
especially  when  it  became  necessary,  as  in  electric  generating  plants, 
to  drive  the  boilers  at  200  to  225  per  cent,  of  their  rated  capacity.  The 
driving  of  the  gases  through  restricted  passages,  at  high  temperature  and 
high  velocity,  caused  almost  complete  erosion  of  fire-bricks  in  from  2 
to  3  weeks. 

After  a  great  deal  of  experiment,  we  found  that  if  the  velocity  of  the 
heated  gases  were  reduced,  erosion  of  the  fire-brick  ceased.  In  boiler 
installations,  in  order  to  complete  the  combustion  of  the  pulverized  fuel 
in  suspension,  we  increase  the  volume  of  the  combustion  chambers. 

The  disadvantage  of  slagging  has  been  greatly  reduced  by  the  practice 
of  burning  all  the  carbon  in  the  fuel  while  in  suspension,  so  that  partly 
burned  carbon  is  not  projected  against  the  refractories;  and  the  passing 
of  a  column  of  cooler  air  from  the  outside  through  the  bottom  of  the  fire- 
box diminishes  slagging.  To  increase  our  COa  to  16  or  17  per  cent.,  we 
diminish  the  air  going  through  the  burners  and  let  it  go  in  at  the  bottom. 
This  seems  to  eliminate  slagging,  and  the  ash  deposited  is  fine  and  fioc- 
culent,  resembling  discolored  flour. 

Walter  Ghaham,*  Washington,  D.  C — R«garding  the  application 
of  pulverized  coal  to  the  open-hearth  steel  furnace,  Mr.  Collins  states 
that  the  sulfur  in  the  coal  will  not  detract  from  the  quality  of  the  steel, 
and  that  the  ash  does  not  interiere  in  the  regenerators. 

At  present  it  is  my  special  task  to  stimulate  the  production  of  steel 
and  improve  its  quality.  I  am  trying  to  help  increase  the  quantity  of 
steel  by  10  per  cent.,  which  will  be  about  3,200,000  tons,  or  equivalent 
to  the  output  of  several  large  steel  works. 

The  use  of  gas  coal  has  not  been  very  successful  lately  in  steel  mills. 
I  found  one  works  in  which  they  were  making  only  about  20  per  cent,  of 
their  potential  production,  the  trouble  being  mostly  with  the  gas  coal, 

•Captaio,  Ordnance  Department,  V.  8.  Army. 

DigmzeflbyGoOgle 


1680  discussion:  Colorado  meeting,  1918 

which  was  unscreeaed.  They  were  taking  the  gas  from  one  furnace 
10  hr.  to  get  another  one  out  in  24  hi.,  when  the  time  should  have  been 
10  or  12  hr,;  they  were  making  9  heats  instead  of  21.  Two  of  those 
were  high  in  sulfur,  and  w6re  taken  for  nut  steel;  of  the  seven  others  we 
rejected  65  per  cent.,  leaving  less  than  20  per  cent,  of  the  potential  output. 
The  cause  was  mostly  the  poor  preparation  of  the  coal. 

While  I  was  in  the  Fuel  Administration,  I  was  made  a  special  ld- 
vestigator  to  report  on  the  cleaning  of  coal.  On  going  through  the  records 
of  the  Bureau  of  Mines  and  the  Geological  Survey,  I  estimated  that 
there  is  5  per  cent,  more  ash  and  sulfur  in  the  coal  this  year  than  before 
the  wEir;  this  means  12.5  per  cent,  less  efficiency.  It  also  means  650,000 
extra  carloads  of  ash  and  sulfur  to  be  carried  this  year,  requiring  50,000 
coal  cars;  a  loss  of  12.5  per  cent,  efficiency  is  equivalent  to  85,000,000 
tons  of  coal,  which  is  greater  than  our  shortage. 

The  importance  of  cleaner  coal  is  most  pressing.  I  see  the  necessity 
for  it  everywhere,  and  particularly  in  the  steel  works,  where  it  affects 
the  quality  of  pig  iron,  the  quality  of  coke,  and  the  quality  and  quantity 
of  steel.  It  increases  the  consumption  of  manganese  in  the  steel  furnace 
and  of  limestone  in  the  blast  furnace,  and  is  cutting  down  production. 

H,  R.  Collins. — Copper  is  one  of  the  most  active  absorbers  of  sulfur 
that  we  know.  A  year  and  a  half  ago,  we  made  a  trial  of  pulverized  coal 
on  one  of  the  American  Smelting  and  Hefinii^  Company's  copper 
furnaces  in  New  Jersey,  melting  electrolytic  copper.  The  tests  lasted  a 
week,  and  the  analysis  of  the  resulting  copper  showed  no  increase  in 
sulfur.  The  same  seems  to  hold  true  in  steel.  The  act  of  burning  the 
coal  in  suspension,  in  such  a  finely  divided  state,  seems  to  consume  the 
sulfides,  although  sulfates  are  not  effected. 

Bradley  Stouqhton,  New  York. — It  is  embarrassing  for  a  steel  man, 
in  a  lai^  company  of  coal  men,  to  say  that  we  blame  the  sulfur  in 
our  steel  partly  on  the  coal,  but  nevertheless  we  do.  The  statement 
that  Mr.  Collins  has  just  made  is  contrary  to  all  the  experience  of  steel 
men,  and  I  shall  be  very  happy  if  he  will  show  us  that  steel  does  not 
absorb  a  part  of  the  sulfur  that  goes  into  the  furnace  in  ftulverized  fuel, 
or  in  oil,  or  in  gas.  Any  evidence  that  Mr.  ColUns  has  on  this  point 
ought  to  be  presented,  because  it  is  very  important.  I  do  not  think 
that  the  copper  experiment  is  quite  conclusive  as  to  the  behavior 
of  steel. 

MiLNOR  Roberts,"  Seattle,  Wash. — Coal  is  being  burned  in  pul- 
verized form  in  the  State  of  Washington  in  large-scale  operations  under 
the  general  conditions  described  by  Mr.  Collins.  The  coals  that  are 
being  used  are  described  in  F.  A.  Hill's  paper  on  "Coal  Mining  in  Wash- 
ington.'" The  powdered  coal  is  being  used  for  heating,  smelting  and 
power  generation. 

•  Dean,  College  of  Miaea,  University  of  Waahingtou. 
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The  Puget  Sound  Traction,  Light  and  Power  Company's  Western 
Avenue  plant  in  Seattle,  a  central  heating  station  containing  10  boilers 
aggregating  4100  hp.,  has  replaced  oil  fuel  with  pulverized  coal.  The 
pulverizing  plant  is  located  directly  across  the  Avenue,  the  product  being 
conveyed  under  ground  and  debvered  to  feeding  bins  above  the  boilers. 
Coal  prepared  at  this  plant  is  also  distributed  by  truck  to  a  number  of 
large  buildings  having  their  own  heating  plants.  The  Western  Avenue 
station  is  believed  by  its  operators  to  be  the  largest  of  its  kind  that  is 
using  powdered  coal  today. 

Fifteen  tests  of  Washington  coals,  in  lots  of  about  10  tons,  have 
recently  been  made  at  the  Western  Avenue  station  in  a  300-hp.  Babcock 
A  Wilcox  boiler.  The  results,  as  reported  by  the  chief  engineer,  are 
in  part  as  follows:  Evaporation  per  pound  of  coal,  from  and  at  212°  F., 
8  to  9.3  lb.  Carbon  dioxide  in  flue  gas,  13  to  17  per  cent.  B.t.u.  per 
pound  of  powdered  coal,  9688  to  12,734.  Efficiency,  65  to  77  per  cent. 
In  operation,  an  evaporation  of  8.5  lb.  is  expected.  By  way  of  com- 
parison, it  may  be  noted  that  the  same  company's  Post  Street  power 
plant,  where  chain-grate  stokers  are  used,  with  similar  coals,  under 
boilers  aggregating  3000  hp.,  shows  an  evaporation  of  about  6  lb.  per 
pound  of  coal. 

Steam  power  plants  in  which  coal  is  burned  in  pulverized  form  are  in 
operation  at  the  Black  Diamond  coal  mines,  where  nine  boilers  are  in 
commismon,  and  at  Newcastle,  where  the  plant  has  been  partly  converted 
to  the  method.  At  the  Tacoma  Smelter  pulverized  coal  has  replaced 
oil  in  a  reverberatory  smelting  furnace  which  treats  copper  ores. 

It  is  feasible  to  use  any  of  the  Washington  coals  in  powdered  form, 
but  the  lignite  and  the  sub-bituminous  types  have  proved  especially 
suitable.  Coals  of  these  grades,  in  fine  sizes,  may  be  bought  on  con- 
tract at  low  prices  because  they  form  practically  a  waste  product. 

Ebskine  Bamsat,  Birmingham,  Ala.— Captain  Graham's  interesting 
remarks  about  the  country's  great  necessity  for  clean  coal  bring  to  my 
mind  certain  advances  made  along  this  line  in  Alabama. 

There  is  a  strong  demand  today  for  some  comprehensive  means  of 
adequately  and  properly  determining  the  daily  quality  of  the  particular 
coal  sent  out  by  each  and  every  individual  miner,  it  being  important 
that  the  means  adopted  shall  show  the  percentages  of  slack,  lump,  and 
slate  contained  in  the  cars  sampled,  and  it  is  essential  that  the  cars  thus 
sampled  shall  constitute  a  large  proportion  of  the  total  cars  dumped 
daily.    Heretofore  there  has  been  no  way  to  accomplish  this. 

The  system  in  use  at  many  Alabama  mines  consists  simply  of  select- 
ing at  random  from  time  to  time,  during  each  day,  as  many  as,  say,  a 
dozen  mine  cars  from  various  miners,  the  entire  contents  of  each  being 
laboriously  hand-picked  in  order  to  ascertain  just  how  much  slate  is 
in  ^ch  one.    The  amount  of  slate  found  in  each  car  picked  is  regarded 
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as  the  fair  average  for  all  of  the  cars  coming  from  the  particular  miner 
loading  the  sampled  car. 

One  or  two  slate  pickers  are  daily  employed  at  the  average  mine. 
They  pick  by  hand  an  average  of  about  1  per  cent,  of  the  total  mine 
output,  but,  of  course,  a  varying  and  indefinite  proportion  of  the  cars 
loaded  by  each  miner.  Fixed  penalties,  known  as  dockages,  are  made 
for  given  percentages  of  slate.  At  a  few  mines,  however,  as  an  induce- 
ment for  the  loading  of  clean  coal,  where  the  car  picked  is  found  to 
contain  less  slate  than  a  fixed  amount,  a  bonus  or  premium  is  given, 
which  offsetB  in  some  degree  the  amount  docked.  As  most  of  the  mines 
do  not  give  any  bonus  or  in  any  way  reward  the  loading  of  clean  coa!, 
there  is  not  any  special  incentive  for  the  loading  of  coal  free  from  slate. 
With  the  daily  picking  of  such  small  proportions  of  the  total  mine  cars 
dumped,  some  of  the  miners  may  feel  that  they  can  safely  ignore  such 
examinations,  and  that  dirty  coal  would  run  a  good  chance  of  not  being 
detected. 

The  old  system  is  uncertain  and  inadequate,  for  the  reason  that  cars 
selected  at  such  long  intervals  cannot  possibly  give  the  true  average 
quality  of  all  coal  loaded  by  each  individual  miner.  Sample  cars  from 
the  same  miner,  selected  at  different  times  during  the  day,  show  vary- 
ing percentages  of  both  slate  and  slack,  as  cars  loaded  during  the  early 
part  of  the  day's  work,  and  especially  from  rooms,  contain  relatively 
high  percentages  of  lump  and  low  percentages  of  slate,  as  compared 
with  those  loaded  later  in  the  day  when  the  places  are  being  cleaned  up. 

Slate  pickers  are  often  paid  so  much  per  can  of  slate  found  in  the 
cars  they  pick.  This  leads  to  confusion  and  discontent.  The  miners 
protest  that  the  present  haphazard  system,  as  between  man  and  man, 
is  unfair,  and  it  results  in  frequent  and  troublesome  disputes  between 
the  management  and  the  men. 

The  Ramsay  mine-run  sampler,  which  we  are  using,  avoids  such 
annoying  disputes  and  disagreements,  and  secures  without  friction  or 
trouble  the  loading  of  a  much  more  satisfactory  and  uniform  grade  of 
clean  coal.  Improved  conditions  are  brought  about  not  only  without 
additional  expense,  but  even  at  less  total  cost.  Our  .experience  during 
the  past  3  years  has  proved  advantageous  to  both  the  operator  and 
the  clean  coal  miner.  The  miner  who  is  compelled  to  improve  the 
character  of  his  work  or  go  elsewhere  is  the  one  who  habitually  loads 
dirty  coal.  If  he  objects  to  this  new  plan  of  taking  a  fair  sample  from 
each  of  a  large  number  of  his  cars,  it  is  because  it  plainly  and  positively 
shows  the  character  of  coal  he  loads  every  day.  One  of  the  best  points, 
however,  is  that,  under  our  new  system,  a  man  loading  clean  coal  is  not 
subjected  to  a  penalty  on  account  of  the  dirty  coal  loaded  by  his  fellow 
miner. 

In  order  that  everj'  miner  may  know  every  day  what  grade  of  coal 
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each  miner  is  loadii^,  the  sample  record  as  to  both  slate  and  slack  is 
entered  daily  on  a  public  slate  tally  sheet  kept  at  the  mine,  and  at  the 
end  of  the  month  each  man's  monthly  average  is  also  shown.  The  moral 
effect  of  making  this  information  public  is  good,  even  without  penalties,  as 
no  man  wants  to  be  found  at  the  foot  of  his  class.  When  a  plan  entailing 
a  penalty  or  the  giving  of  a  premium  is  in  effect,  the  averages  are  used 
in  determining  the  amounts. 

In  using  our  new  sampler  system,  relatively  small  samples,  running 
from  100  to  200  lb.,  are  taken  from  a  large  portion  of  the  total  mine  cars 
dumped  daily.  The  apparatus  we  have  in  operation  takes  these  small 
fair  samples  from  the  whole  contents  of  a  mine  car.  These  samples 
are  screened,  so  that  the  slate  is  quickly  and  thoroughly  picked  by  hand, 
using  the  screen  as  a  picking  belt.  When  it  is  borne  in  mind  that  the 
time  and  labor  required  to  hand-pick  one  of  our  3-ton  cars  of  coal,  under 
the  old  way  of  sampling,  is  sufficient  with  the  new  plan  to  screen,  pick,  and 
record  the  100-lb.  samples  from  at  least  75  different  mine  cars,  the  ad- 
vantage of  the  sampler  is  apparent. 

At  our  Banner  mine,  it  formerly  required  three  men  to  pick  the  entire 
coal  contained  in  a  limited  number  of  mine  cars,  while  with  our  present 
system  three  men  take  and  pick  the  great  number  of  relatively  small 
samples.  Formerly  eight  men  were  required  at  the  picking  belt,  but 
new  four  men  easily  do  the  work.  The  efficiency  and  economy  of  our 
new  arrangement  is  found  in  the  surprising  fact  that  the  total  amount 
of  refuse  going  to  the  waste  dump  fell  off  50  per  cent,  shortly  after  the 
sampler  was  installed.  To  put  it  differently,  the  refuse  going  to  the  waste 
dump,  before  the  installation  of  the  sampler,  ran  over  20  per  cent,  of 
the  total  output  of  the  mine  and  this  is  now  less  than  10  per  cent. 
On  the  mine's  total  monthly  output,  40,000  tons,  we  get  a  saving  of  more 
than  4000  tons  of  coal,  f.o.b.  railroad  cars,  which  means  that  4000  tons 
of  slate  are  now  being  kept  in  the  rooms  and  in  its  place  4000  tons  of  coal 
are  sent  out. 

The  sampler  screen  speeds  up  the  actual  treatment  of  the  samples, 
and  gives  a  record  of  the  percentages  of  slack  and  lump,  thereby  showing 
what  miners  are  shooting  their  coal  to  pieces.  This  feature  is  especially 
valuable  at  mines  loading  domestic  coal. 

The  sampler  has  a  series  of  pockets  or  compartments  arranged  trans- 
versely in  the  bottom  of  the  tipple  chute.  The  covers  permit  any  sample 
pocket  to  be  opened  at  will,  thus  varying  the  portion  of  the  car  from 
which  the  sample  is  taken,  as  the  pocket  can  be  opened  at  any  time  during 
the  flow  of  the  stream  of  coal  from  the  car.  In  this  way  samples  are 
taken  from  any  part  of  the  car.  Five  samples  are  taken  by  the  New 
Castle  machine  just  as  fast  as  the  cars  can  be  dumped  and  without  in- 
terfering in  any  way  with  the  speed  of  the  dumping  operation.  The 
samples  are  taken,  screened,  picked,  weighed,  and  recorded  at  the  rate 
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of  one  every  2  minutes.  With  the  data  furnished  by  the  sampler, 
the  operator  knows  what  parts  of  the  mine,  if  any,  are  giving  the  beat 
product,  and  he  can  therefore  make  changes  of  correction  where  necessary. 
Where  the  coal  is  loaded  in  the  railroad  cars  as  run-of-mine,  the  tally 
sheet  record  not  only  shows  the  quality  of  coal  loaded  in  every  railroad 
car  but  it  Actually  shows  who  loaded  the  coal. 

H.  N.  Eavenson,  Gary,  W.  Va. — Mr.  Collins  states  that  he  can 
bum  any  fuel  having  from  1.5  to  3  per  cent,  of  volatile  matter,  but 
that,  for  almost  all  purposes,  he  prefers  fuel  having  35  per  cent,  or  more. 
The  highest-grade  coal  that  we  use  is  the  semi-bitumiiious  coat,  which  is 
low-volatile  (about  15  per  cent,  to  20  per  cent.)  and  low-sulfur,  but 
high-heat  content  coal,  running  as  high  as  15,500  B.t.u.  per  pound. 
I  would  like  to  know  what  his  experience  with  such  coals  has  been; 
whether  they  are  less  desirable  than  the  higher-volatile  coals  on  account 
of  trouble  with  the  brick  work,  or  in  operation,  or  on  account  of  the 
higher  price  usually  charged  for  those  coals. 

H.  R.  Collins, — The  low-volatile  anthracites  can  be  burned  satis- 
factorily only  in  a  special  furnace,  for  the  simple  reason  that  the  tempera- 
ture must  be  brought  high  enough  to  burn  the  carbon  as  it  enters.  As  to 
the  higher-volatile  coals,  there  is  a  point  between  the  low-volatile  and 
those  having  the  percentage  of  volatiles  mentioned,  at  which  some  alight 
trouble  is  encountered,  but  there  is  no  danger  of  not  being  able  to  bum 
any  of  it.  The  only  annoyance  occurs  when  des^ning  the  proper  fire- 
boxes for  fuels  ranging  from  1.5  up  to  25  per  cent,  volatiles.  The  size 
of  the  returning  arch  must  be  reduced  as  the  volatiles  increase.  With 
coal  having  25  per  cent,  volatile,  there  is  no  troiible  in  burning  it  in 
an  open  chamber. 


Coal  Mining  in  Washington 

Discussion  of  the  paper  of  F.  A.  Hill,  presented  (tt  the  Colorado  meeting,  September, 
1918,  and  printed  in  Bulletin  No.  136,  April,  1918,  p.  951. 

MiLNOR  Roberts,*  Seattle,  Wash,  (written  discussiont),— The  coal 
fields  of  Washington,  on  which  Mr.  F.  A.  Hill's  paper  gives  much  detailed 
information,  lie  on  the  western  slope  of  the  Cascade  Range,  which  ex- 
tends north  and  south  through  the  State  just  west  of  its  center.  The 
mines  are  on  the  lower  half  of  the  slope,  the  lignite  fields  of  Lewis  and 
Thurston  Counties  extending  into  valleys  and  low  hills  west  of  the  moun- 
tains. An  exception  is  to  be  noted  in  the  case  of  the  Roslyn  field,  a  small 
but  important  area  which  hes  on  the  eastern  slope. 

*  Dean,  College  of  Minea,  University  of  Washington. 

f  Received  Sept,  13,  1918.  z^-.  , 
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The  degree  oF  alteration  which  the  coal  of  a  particular  field  io  Wash- 
ington has  undei^one  may  be  gaged  roughly  by  the  position  of  the  field 
with  reference  to  the  Cascade  Mountains.  The  lignites  of  Tenino,  Tono 
and  Castle  Kock,  on  the  railway  hne  connecting  Seattle  and  Portland, 
all  occur  in  a  region  of  low  relief,  in  which  the  Eocene  coal  meaures  have 
suffered  only  minor  disturbances.  Sub-bituminous  coals,  which  are  moBt 
typical  of  the  State,  occur  in  the  foothills,  as  at  Renton  and  Newcastle. 
Coals  high  in  fixed  carbon  are  found  farther  in  the  mountains,  where  the 
measures  have  been  sharply  tilted  and  folded,  for  example  at  Black  Dia- 
mond and  Carbonado.  The  two  anthracite  fields  are  located  still 
higher,  in  rugged  mountains  where  outcrops  appear  both  in  deep  gorges 
and  on  ridges  at  elevations  approaching  5000  feet. 

The  costs  of  mining  appear  erratic  when  compared  with  those  in  other 
States.  The  lignites,  as  a  rule,  are  mined  cheaply,  as  stated  in  the  paper, 
but  so  also  are  certain  other  beds  which  lie  at  convenient  angles  of  dip, 
have  good  roof,  and  contain  gravity  coal.  Naturally,  such  beds  already 
discovered  have  been  attacked  first. 

Washington  coals  are  being  burned  successfully  in  pulverized  form 
in  a  copper-smelting  reverberatory,  in  the  heating  plants  of  several 
buildings,  and  in  a  large  central  heating  station  in  Seattle.  It  is  impor- 
tant for  the  coal-mining  industry  that  uses  should  be  found  for  the  fine 
sizes  of  coal;  these  products  are  considerable  in  amount,  but  scarcely 
any  demand  exists  for  them  at  present.  Briquets  have  been  in  use  for 
domestic  purposes  for  several  years,  and  now  the  use  of  pulverized 
coal  seems  likely  to  offer  a  market  for  the  fine  sizes  in  the  lignite  and  sub- 
bituminous  grades. 

The  use  of  pulverized  coal  in  boiler  plants,  to  be  located  at  the  mines, 
is  a  possible  source  of  power  to  compete  in  the  cities  of  the  Puget  Sound 
.  region  with  hydro-electric  power,  Washington  has  greater  water-power  , 
resources  than  any  other  State  in  the  Union,  but  it  seems  probable  that 
coals  of  the  cheaper  grades  and  sizes  can  produce  power  in  competition 
with  hydro-electric  plants,  excepting  those  that  enjoy  unusually  low  costs. 
In  future  this  comparison  should  prove  still  more  favorable  to  coal,  for 
the  reason  that  water  wheels  have  already  reached  a  very  high  degree  of 
efficiency,  while  power  derived  from  steam  falls  far  short  of  the  ideal. 
Both  the  Puget  Sound  Traction  Light  and  Power  Co.  and  the  City  of 
Seattle  have  steam-power  auxiliaries  to  their  large  hydro-electric  power 
systems. 

The  coal  fields  of  Washington  are  the  only  extensive  ones  in  the  Pa- 
cific Coast  States;  they  supply  a  large  territory  and  the  coal  is  used  for 
a  wide  variety  of  purposes,  from  gas  making  to  bunkering  steamers. 
Under  such  conditions  it  is  unusually  important  that  the  coal  be  mined 
with  the  least  waste,  prepared  as  carefully  as  possible,  and  used  to  the 
best  advantage.    The  Pacific  Northwest  Station  of  the  TJuited  States 
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Bureau  of  Minea,  located  at  the  College  of  Mines,  University  of  Washing- 
ton, and  working  in  cooperation  with  the  College,  is  giving  especial  at- 
tention to  these  three  phases  of  the  industry. 


Diacuesion  of  the  paper  of  C.  T.  Malcoluson,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  BviUlin  No.  137,  May,  1918,  p.  971. 

F.  W.  Spbrb,  Jr.,*  Pittsburgh,  Pa. — Mr.  Malcolmson  states  that  the 
Carbocoal  process  produces  ammonium  sulfate  in  excess  of  that  normally 
recovered  in  the  ordinary  byproduct  coke  process.  Table  3  indicates 
that  20,000  to  25,000  lb.  of  sulfate  of  ammonia  are  obtained  in  carbonizing 
1000  tons  of  Clinchfield  coal.  This  is  a  high-grade  coal  and  yields 
from  26  to  28  lb.  of  ammonium  sulfate  per  ton  in  a  modem  byproduct 
coke  oven.  On  the  next  page,  21  lb.  is  stated  as  the  yield  of  ammonium 
sulfate  per  short  ton  of  raw  coal;  this  is  less  than  the  average  production 
from  any  well  operated  byproduct  coke-oven  plant  treating  coal  of  the 
character  usually  coked  in  Pennsylvania  and  Ohio. 

The  statement  as  to  the  comparative  yields  of  light  oil  is  somewhat 
misleading  in  view  of  the  results  obtained  during  the  past  year  or  two 
by  the  more  modern  byproduct  coke  plants.  The  plants  put  in  operation 
by  the  H.  KoppersCo.,  during  the  past  two  years,  are  producing  about  3.5 
gal.  of  light  oil  per  short  ton  of  coal,  and  several  of  these  plants  are  pro- 
ducing more  than  4  gal.  per  ton.  The  yield  of  pure  toluene  runs  from 
0.45  gal.  to  0.65  gal.  per  ton. 

The  quality  of  the  light  oil  obtained  from  the  Carbocoal  process  is 
of  much  greater  importance  than  would  be  inferred  by  one  not  closely 
familiar  with  the  subject.  The  presence  of  paraffins  in  the  benzol  and 
toluol  fractions  seriously  detracts  from  their  commercial  value ;  the  benzol 
and  toluol  fractions  derived  from  the  Carbocoal  process  contain  about 
50  per  cent,  of  paraffins.  It  should  be  thoroughly  understood  what  these 
paraffins  are.  They  are  simply  hydrocarbons  that  go  to  make  up  ordi- 
nary petroleum,  and  if  a  successful  method  for  the  removal  of  paraffins 
from  benzol  and  toluol  has  been  developed,  this  can  at  once  be  applied 
to  several  well  known  processes  by  which  benzol  and  toluol  can  be  made 
directly  from  petroleum,  which  have  as  yet  been  total  failures  on  account 
of  the  contamination  of  these  products  by  paraffins. 

It  is  very  doubtful  whether  the  method  for  conducting  this  operation, 
of  which  Mr.  Malcolmson  speaks,  has  been  made  commercially  prac- 
ticable. This  separation  of  paraffins  from  benzol  and  toluol  presents  the 
utmost  technical  difficulties,  and  although  a  great  number  of  investigators 
*  Chief  Chemist,  H.  Koppera  Co. 
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bsve  worked  on  this  subject,  and  although  millions  of  dollars  have  been 
spent  by  various  chemical  and  munition  concerns  in  attempting  to  solve 
the  problem,  no  successfully  commercial  process  has  yet  been  put  into 
operation,  and  the  great  number  of  failures  makes  one  skeptical  as  to 
any  new  and  untried  suggestion  of  this  sort.  The  presence  of  parafiGins 
in  excess  of  a  few  per  cent,  in  either  benzol  or  toluol  is  fatal  to  the  suc- 
cessful use  of  either  of  these  materials  in  the  manufacture  of  high  explo- 
sives and  other  important  chemic^  for  which  they  are  so  much  in 
demand.  The  Government  specifications  for  pure  toluol  stipulate  that 
not  more  than  2  per  cent,  of  paraffins  shall  be  present.  It  is  very  im- 
portant to  keep  the  distinction  between  the  light  oil  obtained  by  the 
Carbocoal  process  and  that  obtained  from  coke-K)ven  gas  well  in  mind. 
The  former  is  of  no  value  except  as  a  source  of  motor  fuel,  while  the  latter 
[^  practically  indispensable  as  a  source  of  our  most  important  high 
explosives. 

Charles  H.  Smith,*  New  York,  N.  Y.  (written  discussionf). — I 
should  Uke  to  clear  up  certain  points  raised  by  Mr.  Sperr,  as  he  has 
apparently  misunderstood  some  of  the  comparisons  made  by  Mr.  Mai- 
colmson  between  the  Carbocoal  process  and  that  of  the  byproduct  coke- 
oven  industry,  and  more  particularly  his  reference  to  our  statement  that 
the  Carbocoal  process  produces  "ammonia  sulfate  in  excess  to  that 
normally  recovered  in  the  byproduct  coke  process." 

Mr.  Sperr  calls  attention  to  the  fact  that  Table  3  of  Mr.  Malcolmson's 
paper  states  that  20,000  to  25,000  lb.  of  ammonium  sulfate  is  recovered 
from  the  carbonization  of  1000  tons  of  Clinchfield  coal,  and  that  later  in 
the  paper  the  statement  is  made  that  21  lb.  of  sulfate  of  ammonia  is 
recovered  per  ton  of  coal  carbonized.  In  the  first  case,  this  paper  is 
deahng  specifically  with  the  results  from  Clinchfield  coal,  and  in  the 
second  case  it  is  dealing  with  an  average  sample  of  high-volatile  coal, 
running  from,  say,  33  to  35  per  cent,  volatile  matter. 

Mr.  Sperr  states  that  if  this  same  coal  were  carbonized  in  a  modem 
byproduct  coke  oven,  the  yield  would  be  from  26  to  28  lb,  of  sulfate  of 
ammonia.  A  modern  byproduct  coke  oven,  in  firstnjlass  operating  con- 
dition, might  be  made  to  yield  the  results  outlined  by  Mr.  Sperr.  On 
the  other  hand,  I  have  in  my  files  the  ofiicial  report  of  a  series  of  tests 
by  the  H.  Koppers  Co.  on  this  same  Clinchfield  coal,  under  date  of  June 
3,  1914,  in  which  the  practical  yield  on  an  18-hr.  coking  time  is  given  as 
follows:  Ammoniimi  sulfate,  20  lb.;  coke,  69  per  cent.;  tar,  7,4  gal. 
The  coke  manufactured  from  this  coal  was  soft  and  spongy  in  structure, 
and  the  H.  Koppers  Co.  reported  that  in  order  to  obtain  a  satisfactory 
metallurgiGal  coke  it  would  be  necessary  to  admix  approximately  25 

*  PresideDt,  International  Coal  Products  Corporation.  Inventor  of  the  Carbo- 
coal pioceas. 

t  Received  Oct.  2,  1918. 
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per  cent,  of  low-volatile  coal.  A  further  test  was  made  on  June  5,  1914, 
using  25  per  cent,  of  Pocahontas  and  75  per  cent,  of  CUnchfield  coal, 
from  which  the  following  practical  yields  were  reported:  Ammonium 
sulfate,  19  lb, ;  coke,  76  per  cent. ;  tar,  5  gal. 

The  necessity  of  an  admixture  in  order  to  obtain  coke  with  a  satis- 
factory structure  is  the  point  we  particularly  desire  to  emphasize  in 
comparing  the  two  processes,  rather  than  a  direct  comparison  of  the 
results  that  could  be  obtained  by  carbonizing  the  same  coal  under  the 
two  methods.  Modern  byproduct  coke  practice  is  conEned  almost  en- 
tirely to  the  carbonization  of  mixtures  of  coal,  ranging  from  26  to  31  per 
cent,  in  volatile,  in  order  to  get  coke  having  a  satisfactory  structure. 
The  average  yield  of  sulfate  of  ammonia  in  carbonizing  such  mixtures 
will  approximate  19  lb.  per  ton  of  coal  carbonized.  The  Carbocoal 
process,  on  the  other  hand,  is  especially  adapted  to  carbonizing  coals  of 
higher  volatile  content,  and  particularly  those  coals  ranging  from  33  to 
38  per  cent,  in  volatile,  without  the  necessity  of  admixtures.  This  pro- 
cess, therefore,  i?  utilizing  a  fuel  that  would  naturally  yield  a  consid- 
erably lai^er  quantity  of  sulfate  of  ammonia  and  tar.  The  higher  yields 
in  the  Carbocoal  process,  stated  in  the  Malcolmson  paper,  are  therefore 
to  be  expected,  and  it  was  not  intended  to  make  a  comparison  with  what 
could  be  accomplished  in  byproduct  coke  ovens  if  the  structure  of  the 
coke  were  disregarded  and  high-volatile  coal  were  used  for  carbonizatioD. 
This  explanation  jaay  serve  to  clear  up  the  point  raised  by  Mr.  Sperr. 

In  regard  to  the  yields  of  light  oil  given  in  the  paper,  there  was  no 
intention  to  belittle  in  any  way  the  results  of  the  byproduct  coke  process. 
We  have  no  doubt  that  the  statement  of  Mr.  Sperr  in  regard  to  the 
yield  of  light  oil  in  some  of  the  latest  H,  Koppcrs  Co.  plants  is  accurate. 
The  figures  given  in  the  Malcolmson  paper,  however,  do  not  go  into 
the  results  obtained  under  the  very  best  conditions  in  the  Carbocoal 
process,  but  were  intended  to  represent  average  conditions.  In  testing 
fuels  in  any  carbonization  process,  the  range  of  results  varies  considerably 
with  different  coals,  and  average  results  should  be  taken,  rather  than 
specific  results  obtained  under  the  most  favorable  conditions.  Certain 
coals  tested  in  the  Carbocoal  process  yielded  as  much  as  5  gal.  of  hght  oil 
per  ton  of  coal  carbonized,  from  the  primary  distillation  alone.  The 
particular  fuel  in  question  was  a  cannel  coal  and  could,  therefore,  not  be 
considered  a  representative  fuel. 

In  regard  to  the  quality  of  the  light  oil  obtained  by  the  Carbocoal 
process,  and  the  value  of  the  tar  oils  in  general,  this  is  a  matter  which 
can  only  be  definitely  proved  by  experience  in  marketing  Carbocoal  oils 
on  a  large  sc^e.  If  we  estimate  the  average  yield  of  Ught  oil  from  by- 
product coke  ovens  as  2}^  gal.  and  of  crude  tar  as  63^  gal.,  we  would 
have  the  following  market  values  under  present  conditions: 
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2M  gal- light  oU  at  SO  c.  per  gal 1.25 

6ji  gftl.  of  tar  at  4  c.  per  gal 0.26 

Total $1 .51 

The  Carbocoal  process  will  yield  20  gal.  of  tar  distillates,  with  an  aver- 
age value  of  24  c.  per  gallon,  or  a  total  value  of  $4.80,  and  by  referring  to 
prices  prevailii^  prior  to  the  war  it  will  be  found  that  this  type  of  oil 
never  sold  below  15  to  17  c,  per  gallon.  The  present  market  value  of  the 
two  products  can  therefore  be  easily  compared. 

In  regard  to  Mr.  Sperr's  assumption  that  benzol  and  toluol  fractions 
derived  from  the  process  contain  about  50  per  cent,  of  paraffin,  we  think 
Mr.  Sperr's  assumption  inaccurate.  We  permitted  Mr.  Sperr's  representa- 
tives to  make  certain  tests  on  a  small  apparatus,  in  order  to  confirm  the 
statements  made  by  us  regarding  the  yields.  These  representatives  in- 
formed us  that  the  total  yields  obtained  in  these  tests  were  greater 
than  the  average  yields  represented  by  us  from  the  same  coal.  The  ap- 
paratus used  for  these  tests  was  not  a  commercial  retort,  and  we  have 
learned  by  experience  that  this  laboratory  apparatus  yields  a  light  oil 
containing  approximately  30  to  50  per  cent,  of  paraffins,  as  compared 
with  4  to  20  per  cent,  of  paraffins  in  the  light  oil  derived  from  the  com- 
mercial retort.  Coke-oven  engineers  will  recognize  that  the  quality  of 
the  results  obtained  from  distilling  coal  in  a  metal  retort,  where  the 
charge  is  hmited  to  30  lb,,  will  be  quite  different  from  those  obtained  in 
a  commercial  retort  operating  with  a  capacity  of  1  ton  per  hour,  although 
we  have  found  the  quantity  of  byproducts  obtained  per  ton  to  be  prac- 
tically the  same.  We  might  also  note  the  particular  object  of  the  "  crack- 
ing" referred  to  in  the  Malcolmson  paper.  By  this  method  we  have 
completely  eliminated  all  the  paraffins  from  our  light  oil,  and  by  adding 
some  of  our  higher-tar  oil  fractions  we  have  obtained  total  yields  of  toluol 
per  ton  of  coal  several  times  the  total  yield  per  ton  obtained  in  the 
coking  process 

The  present  shortage  of  toluol  and  its  high  price  will  warrant  such 
measures,  but  in  peace  times  it  is  universally  admitted  that  the  light  oil 
from  both  processes  wiU  be  largely  marketed  as  motor  spirits,  in  which 
case  the  paraffin  hydrocarbons  present  in  these  oils  will  not  be  ob- 
jectionable, and  on  account  of  lower  freezing  points  and  ease  of  ignition 
may  probably  be  beneficial. 

In  regard  to  the  practicability  of  "cracking"  petroleum  oils  and  pro- 
ducing c.p.  toluol  therefrom,  I  might  add  that,  ootwithstandit^  the  early 
failures  of  certain  processes,  this  is  now  beii^  done  on  a  very  large  scale, 
and  that  the  results  therefrom,  up  to  the  present  time,  are  entirely 
eatisfactory. 

In  making  a  comparison  of  the  two  processes,  we  do  not  believe  it 
was  Mr.  Malcolmson's  intention  to  compare  the  financial  benefits  or  the 
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economic  status  of  the  Carbocoal  process  with  that  of  the  established  by- 
product coke  industry.  The  two  processes  represent  different  types  of 
carbonization,  yielding  substantially  different  quantities  and  qualities 
of  various  products.  The  Carbocoal  process  yields  a  smokeless  fuel  of 
great  density,  available  for  many  uses  for  which  coke  is  not  suitable,  while 
coke,  on  the  other  hand,  has  well-established  markets  for  metallurgical 
use.  The  byproduct  coke  process  gives  a  substantial  yield  of  surplus 
gas,  and  is  therefore  located  near  where  the  consumption  of  gas  is  great, 
where  it  will  yield  its  greatest  value.  The  Carbocoal  process  uses  all  of 
its  gas  in  the  distillation  of  the  coal  and  in  the  refining  of  the  oils.  Car- 
bocoal plants  will  therefore  be  located  at  the  mines  and  the  Carbocoal 
shipped  to  the  consumer  by  direct  route,  requiring  transportation  facili- 
ties for  only  72  per  cent,  of  the  raw  coal.  In  the  coking  process,  the  en- 
tire coal  required  for  distillation  must  be  shipped  to  the  ovens,  usually 
located  at  a  considerable  distance  from  the  mines,  and  the  finished  prod- 
uct, coke,  representing  70  per  cent,  of  the  original  coal,  re-shipped  to  the 
consumer,  requiring  double  transportation  facilities.  Byproduct  coke 
ovens  produce  light  oil  and  tar,  while  the  Carbocoal  process  produces 
oil  distillates.  The  sulfate  of  ammonia  from  the  same  coal  would  be 
approximately  the  same  in  both  processes,  but  on  account  of  the  higher- 
volatile  coal  ordinarily  used  in  the  Carbocoal  process,  as  compared  with 
that  utilized  in  the  byproduct  coke  process,  the  yield  is  greater  In  the 
Carbocoal  process. 

The  railroads  have  established  coal  rates  for  the  movement  of  Car- 
bocoal, on  account  of  its  density,  as  compared  with  coal.  The  rates  on 
coke,  on  account  of  its  lack  of  density,  are  approximately  15  to  20  per  cent, 
higher  than  coal  rates  between  the  same  points.  This  alone  b  of  enor- 
mous economic  benefit,  as  compared  with  coke  used  for  fuel  purposes. 

The  comparisons  between  the  two  processes  are  not  made  for  com- 
petitive purposes,  but  to  define  clearly  just  what  products  are  derived  from 
the  Carbocoal  process  as  compared  with  the  already  well-known  products 
from  byproduct  cdke  ovens,  and  their  general  suitability  for  market. 

A.  W.  Calloway,*  Washington,  D.  C.  (written  discussionf)- — In 
a  discussion  of  Mr.  Malcolmson's  paper  which  describes  the  method  of 
coal  distillation  developed  by  Mr.  C.  H,  Smith,  attention  is  first  directed 
to  the  fact  that  apparently  Mr.  Smith  has  accomplished  by  mechanical 
agitation  what  byproduct  coke-oven  builders  have  been  working  many 
years  to  accomplish  by  other  means;  namely,  the  complete  distillation 
of  coal  in  minimum  length  of  time  with  a  maximum  of  byproduct 
recovery.     The  coke-oven  builders  are  not  changing  the  fundamental 

'Director  of  BitumiuouB  Distribution,  TJ.  S.  Fuel  Adminigtration;  President, 
Davis  Goal  and  Coke  Co.,  and  Pittsburg  TermiDal  R.  R.  and  Coat  Co. 
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design  of  their  ovens,  but  are  steadily  making  them  narrower.  Two 
benefits  are  derived  from  the  narrower  ovens;  first,  a  low  wall  tempera- 
ture, which  increases  the  byproduct  recovery,  and  second,  a  faster  coking 
time. 

In  the  usual  byproduct  coke  oven,  the  coal  charge  is  stationary,  and 
the  heat  necessary  for  the  distillation  mxist  be  transmitted  or  conducted 
from  the  walls  of  the  oven  slowly  through  the  charge,  driving  off  the  vola- 
tile matter  and  coking  the  chaise  from  the  sides  to  the  center  of  the  oven, 
the  result  being  a  comparatively  slow  distillation,  with  the  temperature 
of  the  walls  higher  than  necessary  to  coke  the  coal,  because  the  heat  has  to 
be  conducted  through  that  part  of  the  charge  already  coked;  and  while 
the  charge  in  coking  shrinks  away  from  the  walls  there  is  a  gap  left  which 
retards  the  transfer  of  heat  from  the  walls  and  also  allows  the  gases  given 
off  to  pass  up  the  sides  of  the  hot  wall,  where  some  of  the  hydrocarbons 
are  broken  down,  causing  toss  in  byproduct  recovery. 

An  interesting  development  in  this  connection  is  the  discovery  that 
with  the  narrow  ovens  and  short  coking  time  it  is  possible  to  coke  coals 
that  could  not  be  satisfactoiily  coked  in  wide  ovens;  if  it  is  granted  that 
quick  application  of  heat  to  coal  increases  its  tendency  to  coke,  then  one 
would  expect,  in  a  mechanically  agitated  retort  where  all  particles  of 
coal  in  the  charge  come  directly  in  contact  with  the  hot  walls,  to  find  it 
possible  to  coke  coals  that  could  not  be  coked  in  the  ordinary  byproduct 
coke  ovens.  This  is  just  what  Mr.  Smith  has  demonstrated  can  be  done, 
in  his  primary  retorts  at  his  experimental  plant  at  Irvington. 

If  the  mechanical  features  of  this  operation  have  been  successfully 
worked  out  at  Irvington,  as  indicated  in  the  paper,  then  Mr.  Smith 
has  indeed  made  a  tremendous  stride  in  the  direction  of  utilizing  large 
fields  of  bituminous  coal  throughout  the  country  to  the  best  advantage. 
In  the  primary  retorts  in  the  Carbocoal  process,  where  the  charge  of 
coal  is  in  motion,  and  each  particle  of  coal  comes  in  contact  with  the 
heated  wall  of  the  retort,  it  is  possible  to  operate  with  a  much 
lower  wall  temperature,  and  the  coking  effect  is  obtained  without  the 
breaking  down  of  the  hydrocarbons  to  such  an  extent  as  they  are 
broken  down  in  the  other  byproduct  coke  ovens.  This  has  long  been 
recognized  as  the  ideal  condition  for  coal  distillation,  and  if  Mr.  Smith 
has  perfected  the  method  we  should  then  expect  his  results  in  the 
recovery  of  byproducts  to  show  a  very  high  production  of  tar  and  light 
oils,  with  probably  a  considerably  reduced  yield  of  gas.  We  would  not 
expect  a  maximum  yield  of  ammonia  at  this  low  temperature,  but  Mr, 
Smith  in  his  secondary  distillation  appears  to  recover  approximately  as 
much  ammonia  as  ordinarily  is  recovered  in  the  byproduct  coke  oven 
distillation. 

Tar. — Mr.  Malcolmson  has  stated  that  a  yield  of  approximately 
30  gal.  of  tar  per  ton  of  coal  is  obtained  in  the  combined  primary  %nd  sec- 
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ondary  distillations  in  the  Carbocoal  manuf  acture.  Judged  by  the  stand- 
ards of  the  best  practice  in  byproduct  coke-oven  work,  this  yield  appears 
excessive,  but  with  Mr.  Smith's  extremely  low-temperature  distillation 
I  believe  that  such  recovery  may  be  obtained,  although  it  is  at  the  expense 
of  a  certain  amount  of  gas.  On  account  of  its  value,  however,  the  in- 
crease in  tar  should  offset  the  value  of  the  gas  that  would  be  obtained 
from  a  higher-temperature  distillation. 

Sulfate  of  Ammonium. — Mr.  Malcolmson  claims  a  recovery  of  approxi- 
mately 20  to  25  lb.  of  ammonium  sulfate  per  ton  of  coal,  depending  upon 
the  volatile  matter  of  the  coal.  This  compares  favorably  with  byprod- 
uct coke-oven  practice. 

Light  Oils. — Mr.  Malcolmson  reports  light  oil  recovery  of  2  to  3 
gal.  per  ton  of  coal.  This,  I  should  say,  is  slightly  below  the  best  by- 
product coke-oven  practice  on  coals  of  the  same  volatile  content*.  It 
is  my  understanding,  however,  that  his  percentage  of  toluol  in  this 
light  oil  is  high,  as  would  have  been  expected  from  his  low-temperature 
distillation. 

Gas. — The  production  of  gas  is  reported  to  be  from  5000  to  6000 
cu.  ft.  of  very  rich  gas  in  the  primary  distillation,  and  4000  cu.  ft.  of  lean 
gas  in  the  secondary  distillation,  making  a  total  of  9000  to  10,000  cu.  ft. 
of  gas  per  ton  of  coal,  the  total  heating  value  of  which  is  about  85  per  cent, 
of  the  heating  value  of  the  gas  produced  in  the  byproduct  coke-oven 
operation,  and,  I  should  say,  compares  favorably,  considering  the  low 
temperature  of  the  primary  distillation.  Mr.  Malcolmson  states  that  at 
the  present  stage  of  development  all  of  the  gas  recovered  is  required  for 
the  primary  and  secondary  retorts;  considering,  the  low  temperature 
required  for  the  operation,  and  the  fact  that  only  45  per  cent,  of  the  ga8 
made  in  byproduct  ovens  is  required  for  this  operation,  it  appears  to  the 
writer  that  there  is  yet  room  for  improvement,  either  in  the  design  or 
construction  of  the  retorts,  whereby  it  should  be  possible  to  get  better 
economy  out  of  the  gas  used,  and  probably  have  surplus  gas  sufficient  to 
furnish  power  for  the  plant  and  for  the  distillation  of  the  pitch  required 
for  a  binder  in  making  the  briquets. 

Mr.  Malcolmson  called  attention  to  the  possibilities  of  the  applica- 
tion of  the  Smith  process  in  the  production  of  a  fuel  suitable  for  use  in 
the  byproduct  gas  producers,  in  which  the  gas  would  be  scrubbed  and 
the  ammonia  extracted,  hi^  idea  being  to  use  the  semi-Carbocoal;  that  is, 
the  residue  of  the  distillation  in  the  primary  retorts,  and  which  contains 
considerable  ammonia,  for  a  fuel  for  byproduct  gas  producers  in  connec- 
tion with  steam  plants.  It  is  the  writer's  opinion  that  this  might  he 
practical,  but  bett*?r  economy  would  be  effected  by  the  use  of  t-liia  fuel 
in  byproduct  gas  producers  furnishing  gas  for  internal-combustion  en- 
gines, in  which  a  greater  efficiency  will  be  derived  from  the  gas  than  if  it 
were  fired  under  boilers  for  steam  generation, 
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Development  of  the  Coke  Industry  in  Colorado,  Utah, 
and  New  Mexico 

Diacunion  of  the  paper  of  F.  C.  Millxb,  presented  at  the  Colorado  meeting,  Sep- 
tember, IQIS,  and  printed  in  BtiUetin  No.  140,  August,  1918,  p.  1307. 

C,  H,  GiBBB,*  Salt  Lake  City,  Utah  (written  discussionf). — The 
development  of  the  coke  induatry  in  Utah  had  a  somewhat  checkered 
career  for  the  first  50  years  of  its  existence.  About  1851  the  iron-ore 
deposits  of  the  Iron  Springs  and  Iron  Mountain  mining  districts,  Iron 
County,  Utah,  were  discovered.  Obtaining  of  iron  for  any  purpose 
at  the  time  involved  its  shipment  from  the  Mississippi  River  to  Utah,  by 
ox-team.  The  result  was  that  the  pioneers  endeavored  to  establish 
an  iron-ore  smelting  plant  at  what  was  known  as  Iron  City,  near 
Iron  Mountain,  in  Iron  County.  Bishop  Taylor,  who  headed  this 
enterprise,  endeavored  to  obtain  coal  suitable  for  coking  from  the 
Cretaceous  coal  measures  immediately  east  of  Cedar  City.  A  few  small 
bee-hive  coke  ovens  were  built  and  lump  coal  was  coked  in  these  ovens; 
of,  more  properly  speaking,  the  volatile  matter  of  the  lump  coal  was 
driven  off,  leaving  a  carbonized  material  that  retained  the  lump  shape, 
although  it  was  extremely  friable.  This  coke  was  promptly  found  to 
be  unsuitable  tor  iron  smelting,  not  only  due  to  its  extreme  weakness  under 
.  smelting  load,  but  also  because  of  the  fact  that  it  carried  about  5  per 
cent,  sulfur.  Bishop  Taylor  mado  a  very  thorough  and  exhaustive 
effort,  covering  a  considerable  period  of  years,  to  locate  suitable  coking 
coal  in  Southwestern  Utah.  His  efforts  failed,  and  in  1902  the  iron-ore 
property  acquired  by  him  and  associates  was  sold  to  the  Colorado  Fuel 
and  Iron  Co.  It  is  of  interest  to  note  in  this  connection  that  the  iron-ore 
deposits  of  Iron  County  at  present  are  the  largest  known  undeveloped  iron- 
ore  fields  on  the  North  American  continent.  It  is  safe  to  say  that  there 
is  at  least  one  hundred  million  tons  of  55-per  cent,  ore  actually  in  sight. 

In  1878,  coal-mining  operations  were  begun  at  Connellsville, 
in  Huntington  Canyon,  Emery  County.  Ten  8-ft.  bee-hive  ovens  were 
constructed,  and  lump  coal  was  carbonized  for  use  in  the  Salt  Lake  valley 
smelters.  The  product  was  somewhat  better  than  that  obtained  in 
Iron  County,  but  was  still  of  very  inferior  quality.  It  had  to  be  hauled 
a  distance  of  140  miles  by  wagon  to  the  two  small  smelterB  then  operating 
in  Salt  Lake  valley.     These  ovens  operated  only  a  very  short  time. 

The  next  move  toward  obtaining  a  coking  coal  was  in  1889  when  the 
Pleasant  Valley  Coal  Co.  began  operations  in  the  Castle  Gate  district. 
In  1890,  eighty  8-ft.  bee-hive  ovens  were  constructed,  and  the  product 
was  used  until  1900  in  all  the  smelters  in  Utah.  During  this  period, 
124  additional  ovens  were  constructed,  making  a  total  of  204  bee-hive 
ovens  operating  at  Castle  Gate. 

•  Geologist,  Utah  Fuel  Co. 
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The  Castle  Valley  coal  field  waa  thoroughly  prospected  during  the 
'90's  for  a  better  quality  of  coking  coal,  and  in  1S98  natural  coke  was 
discovered  at  the  present  location  of  Sunnyside.  This  natural  coke 
was  formed  by  the  burning  and  carbonizing  of  outcrop  coal.  Due  to 
its  hardness  it  was  uncovered  by  weathering,  which  lead  to  prospecting 
and  the  opening  of  the  Sunnyside  mines. 

The  Sunnyside  district  carries  the  only  genuine  coking  coal  found 
in  Utah.  There  are  sovera!  areas  in  which  semi-coking  coal  occurs, 
but  none  that  in  any  way  approaches  the  Sunnyside  product  either  for 
strength,  quality  or  low  ash  content.  Mining  operations  were  begun 
at  Sunnyside  in  1900,  and  the  product  was  shipped  to  the  ovens  at 
Castle  Gate.  As  soon  as  the  Utah  smelters  obtained  coke  made  from 
Sunnyside  coal  the  smelting  results  were  so  much  more  satisfactory 
than  those  obtained  from  the  Castle  Gate  product,  that  the  Utah  Fuel 
Co.,  as  rapidly  as  possible,  has  increased  the  Sunnyside  output  to  such  an 
extent  that  it  now  takes  care  of  the  entire  coke  requirements  of  this 
territory, 

The  Sunnyside  coal  ranges  in  thickness  from  5  to  14  ft.;  it  is  hard 
and  blocky;  stands  weathering  well,  and  is  the  premier  steam  fuel  coal 
of  Utah.  Very  little  of  it,  however,  has  been  used  for  steaming  purposes, 
due  to  the  fact  that  the  entire  production  of  this  district  is  used  either 
for  coke  making  or  in  byproduct  gas  plants  located  in  Utah,  Idaho, 
Montana,  and  Nevada.  Throughout  the  coking  area  the  coal  shows 
evidence  of  considerable  movement  due  to  local  bending,  which  is  un- 
doubtedly responsible  for  the  fact  that  the  Sunnyside  district  coal  is 
of  coking  quality.  Wherever  the  synclinal  bending  in  the  Sunnyside 
district  ends,  the  coking  quality  of  the  coal  practically  disappears.  In 
order  to  prepare  the  coal  for  coke  ovens,  the  entire  product  is  crushed 
so  that  it  passes  a  J^-in.  screen.  This  crushing  serves  two  purposes: 
first,  that  of  producing  a  decidedly  more  uniform  coke,  and  second, 
ringwall  and  breeze  losses  are  materially  reduced. 


:  following  table  gives  the  annual  production  of  coke 

in  Utah  from 

date: 

Y«r                                    Toni 

T«w 

Ton. 

1890                                  8,395 

1904 

166,337 

1891                                  7,947 

1906 

220,706 

1892                              7,242 

1906 

259,924 

1893                            16,007 

1907 

317,925 

1894                            10,057 

1908 

180,074 

1895                            22,617 

1909' 

184,746 

1896                            20,449 

1910 

180,677 

1897                            23,619 

1911 

174,000 

1898                            28.327 

1912 

302,457 

1899                            26,882 

1913 

332,896 

1900                            32,730 

1914 

349,898 

1901                            39.860 

1915 

301,420 

1902                            73,230 

1916                     , 

-^424,aW[^, 

1903                           158,099 

1917       L.   -        ' 

^3H¥gl^' 
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As  soon  aa  the  good  quality  of  Sunnyside  eoke  became  geoerslly 
known  it  was  shipped  not  only  to  Utah,  but  north  to  Anaconda  and  East 
Helena,  Montana;  and  to  Nevada,  Idaho,  and  parts  of  California.    . 

In  1907  the  Castle  Gate  bee-hive  plant  was  abandoned,  having  been 
replaced  by  new  ovens  at  Sunnyside.  At  present  the  Sunnyside  coke- 
oven  plant  is  the  largest  single  bee-hive  operation  in  the  United  States, 
consisting  of  819  ovens  of  12-  and  13-ft.  size.  The  coke  produced  carries 
a  very  low,  uniform  ash  content,  and  ia  practically  free  from  sulfur 
and  phosphorus.  Average  analyses  of  this  coal  and  of  the  coke  made  from 
it  are  as  follows : 

OmI  Coke 

Moisture 1.20  0.81 

Volatile  matter 39.13  0.83 

Fixed  carbon 53.59  87.36 

Ash..' 5.98  11.00 

100.00        100-00 
Sulfur  in  the  coke  will  run  from  0.7  to  1  per  cent.,  and  phosphorus 
from  0.03  to  0.05  per  cent.    An  increasing  tonnage  of  this  coke  is  being 
used  in  Salt  Lake  valley  and  also  on  the  West  Coast,  for  steel  making. 


Low-temperature  Distillatioa  of  Illinois  and  Indiana  Coals 

Discussion  of  the  paper  ot  G.  W.  Trabb,  presented  at  the  Milwaukee  meeting, 
October,  1918,  and  printed  in  Bviletin  No.  141,  September,  1918,  pp.  1403  to 
1470. 

S.  W.  Parb,*  Urbana,  111.  (written  discussiont). — MultipUcation 
of  argument  is  unnecessary  to  establish  the  desirability  of  coking  coals 
at  low  temperatures,  that  is  to  say,  below  1200°  F.  The  value  of  the  semi- 
coke  thus  produced  would  doubtless  go  far  toward  solving  the  problem  of 
smoke  prevention,  and  suggests  the  possibility  of  the  substitution  of  a 
smokeless  fuel  for  anthracite  and  so-called  smokeless  coals.  Whether 
such  coke  would  have  any  value  as  metallurgical  coke  is  a  question  which 
cannot  be  answered  for  lack  of  any  experimental  data  in  the  use  of  such 
material.  Of  course  interest  is  accentuated;  at  the  present  time,  in  the 
amount  and  character  of  the  tars,  which  promise  greatly  to  exceed  in 
values  the  products  obtainable  from  the  high-temperature  process. 

The  difficulties  encountered  in  adapting  the  principles  of  low-tem- 
perature carbonization  to  industrial  methods  are  well  nigh  insurmount- 
able. Briefly  stated,  there  is  involved  the  heating  of  the  center  of  a 
mass  of  non-conducting  material  by  the  external  appheation  of  heat. 
It  is  a  well  established  fact  that  the  center  of  the  mass  of  coal  in  a  standard 
•  Professor  of  Applied  Chemistry,  University  of  Illinois, 
t  Heoeived  Sept.  23,  1B18.  i     .^,^,  ,.  GqOQ  Ic 
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byproduct  oven  does  not  reach  the  stage  of  decomposition  until  after 
approximately  14  hr,  have  elapsed,  the  complete  process  requiring  ap- 
proximately 18  hr.,  and  all  this  at  a  high  temperature,  approaching  the 
limit  of  safety  for  the  refractory  material  used  in  construction.  Up  to 
the  present  time,  the  common  method  of  overcoming  this  difficulty 
has  been  by  narrowii^  the  cross-section  of  the  retort;  in  Mr.  Traer's 
experiments  a  width  of  from  4  to  8  in.  has  been  adopted.  This  raises 
a  serious  question  as  to  the  possibility  of  economic  operation  under 
industrial  conditions  where  the  putting  through  of  a  lai^  tonn^e  is 


However,  the  results  as  indicated  in  this  paper  are  exceedingly 
valuable  in  that  they  constitute  an  additional  verification  of  the  character 
and  value  of  all  the  byproducts  obtained.  I  would  call  attention,  how- 
ever, to  one  seeming  inconsistency  in  his  discussion  relating  to  the 
character  of  the  tars.  In  the  descriptive  matter  of  the  paper,  the  con- 
densible  products  are  referred  to  as  light  tars,  for  example,  "the  light 
tar  produced  by  the  low-temperature  process  is  a  Uquid  having  the  con- 
sistency of  heavy  cyLnder  oil,"  and  again  the  yield  of  this  material  is 
referred  to  as  "about  25  gal.  of  hght  tar  and  oil  per  ton  of  coal."  The 
question  might  therefore  be  raised  as  to  what  is  meant  by  "light  tar." 
In  the  curve,  Fig.  1,  the  yield  of  tar  in  gallons  is  directly  proportional 
to  the  specific  gravity,  which  would  seem  to  indicate  that  the  higher  the 
yield  of  tar  the  heavier  these  condensible  products.  In  our  work  the 
reverse  is  true;  in  general,  the  lower  the  temperature  at  which  the  de~ 
composition  is  effected  the  lower  the  specific  gravity  and,  in  a  general 
way,  the  higher  the  yield  of  tar.  It  is  indeed  quite  possible  to  produce 
a  tar,  or  rather  an  oil,  under  these  conditions,  which  has  a  specific  gravity 
slightly  under  1.  With  an  increase  of  temperature,  on  the  other  hand, 
by  reason  of  a  different  type  of  decomposition,  the  tars  have  a  specific 
gravity  which  may  run  as  high  as  1.2.  It  would  seem,  therefore,  that 
Fig.  1  would  more  accurately  indicate  the  results  if  the  specific^ravity 
figures  were  reversed.  At  least,  if  the  results  were  thus  tabulated  it 
would  be  more  consistent  with  the  values  obtained  in  our  own  experiments. 
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Pure  Carbon-free  Manganese  and  Manganese  Copper 

BY  ABTHUB  T.  BRAID,*  NEW  YORK,   K.  T. 

(Milwaakee  Meetint,  October,  leig) 

The  war  has  caused  an  increaaing  scarcity  of  phosphorus  and  its  well 
known  alloys  with  copper  and  tin.  At  the  same  time,  the  production 
of  brass  and  bronze,  nickel-silver,  ciipro-nickel,  and  other  non-ferrous 
alloys,  has  considerably  increased.  The  manufacturers  of  these  products 
had  therefore  to  secure  other  materials  which  would  serve  their  purpose; 
principally  that  of  a  deoxidizer,  which  could  be  obtained  promptly  and 
regularly. 

Fortunately  these  materials,  pure  carbon-free  manganese  metal  and 
manganese-copper  alloy,  were  not  hard  to  find — in  fact,  they  were  never 
lost.  Manganese  in  various  forms  has  been  used  in  Europe  for  more 
than  a  century;  in  this  country,  however,  when  manganese  was  first 
used,  and  indeed  for  a  long  time  thereafter,  it  was  consumed  mainly  in 
the  manufacture  of  manganese-bronze.  Many  foundryraen  at  that 
time  used  manganese-copper  with  the  same  freedom  as  phosphor-copper. 
Although  iron  enters  into  the  composition  of  certain  grades  of  bronze,  it 
is  very  detrimental  to  non-ferrous  mixtures  in  general;  consequently 
forro-manganese  is  not  applicable,  and  therefore  pure  manganese  metal, 
or  the  alloy  of  manganese  and  copper,  technically  free  from  iron  and 
other  impurities,  is  now  being  generally  used. 

The  following  are  the  principal  elements  having  an  affinity  for  oxygen : 
1,  Sodium.  2,  Potassium.  3,  Calcium.  4,  Strontium.  5,  Barium.  6, 
Magnesium.  7,  Aluminum,  8,  Phosphorus.  9,  Silicon.  10,  Mangan- 
ese. U,  Iron.  12,  Zinc.  13,  Lead.  Each  metal  has  its  natural  flux,  or 
deoxidizer,  in  the  form  of  a  metal  or  non-metal  which  will  alloy  with  it, 
and  has  a  strong  affinity  for  oxygen.  For  example,  phosphorus,  as  is 
well  known,  acts  very  beneficially  in  copper  alloys  that  contain  tin. 

Within  the  last  few  years,  and  particularly  since  the  war  began,  the 
great  value  of  manganese  in  nickel  alloys  has  been  demonstrated,  and  one 
by  one  the  manufacturers  of  these  products  have  adopted  its  use.  While 
manganese  has  not  so  strong  an  affinity  for  oxygen  as  magnesium,  alumi- 
num, or  silicon,  it  is  nevertheless  sufficiently  powerful  to  reduce  any 
oxide  of  nickel,  copper,  or  zinc  that  may  be  present  in  the  nickel  alloy 
to  be  purified. 
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It  is  this  "medium"  affinity  for  oxygen  that  renders  manganese 
valuable  in  casting  nickel  alloys  for  rolling  or  drawing  purposes,  since 
the  oil,  burning  at  the  mouth  of  the  mold,  is  capable  of  reducing  the  thin 
film  of  manganese  oxide  that  forms  upon  the  stream  of  metal  as  it  is 
poured.  Aluminum  or  siUcon  oxides  are  not  reduced  by  burning  oil, 
and,  therefore,  it  frequently  happens  that  castings  are  dirty  when  alumi- 
num or  silicon  is  used;  with  manganese,  clean  castings  result  if  ordinary 
precautions  are  taken  in  pouring. 

It  is  customary  to  add  the  manganese  in  the  form  of  manganese- 
copper  alloy  (30  per  cent.  Mn  and  70  per  cent.  Cu).  The  addition  to 
nickel  silver  is  about  3  or  4  oz,  of  the  alloy  per  100  lb.  of  the  mixture 
(2  gm.  per  kilo),  equivalent  to  about  0.06  to  0.075  per  cent,  manganese. 

In  such  alloys  as  cupro-nickel,  the  amount  of  manganese-copper 
should  be  almost  doubled.  This  quantity  introduces  about  0.12  to  0.15 
per  cent,  manganese,  and  to  certain  grades  of  nickel-copper,  0.25  per  cent, 
manganese  is  added.  The  manganese-copper  should  be  introduced  into  the 
mixture  after  all  the  other  metals  have  been  melted  and  the  whole  well 
stirred.  The  mixture  should  then  be  left  for  a  few  minutes  eo  as  to  give 
the  manganese  time  to  act.  It  will  be  found  that  manganese  gives  ex- 
cellent results  in  nickel  alloys. 

Another  important  feature  in  the  use  of  manganese  is  its  stroi^  af- 
finity for  sulphur,  exceeding  that  of  all  other  metals;  when  introduced  into 
a  mixture  containing  sulphur,  sulphide  of  manganese  is  formed  at  once, 
and  rises  as  slag  to  the  top  of  the  metal.  As  sulphur  is  frequently  pres- 
ent in  cupro-nickel  alloys,  the  advantage  of  this  property  of  manganese 
is  obvious.  I  believe  that  more  attention  should  be  given  to  sulphur  in 
non-ferrous  mixtures,  particularly  at  the  present  time  when  raw  materials 
and  fuel  are  not  generally  of  so  high  quahty  as  before  the  war. 

In  the  casting  of  brass,  it  has  been  shown  that  manganese  acts  best 
when  there  is  a  high  proportion  of  zinc.  On  the  other  hand,  in  a  red 
brass,  phosphorus  is  used  with  excellent  results  because  it  causes  the  tin, 
with  which  it  alloys  more  readily,  to  assume  a  crystalline  structure  and 
produces  a  more  homogeneous  casting.  A  number  of  concerns  are  ex- 
perimenting with  manganese,  to  take  advantage  of  its  hardening  effect, 
and  thus  diminish  the  amount  of  tin  used  in  certain  mixtures. 

The  present  tremendous  increase  in  the  use  of  manganese  has  been 
brought  about  to  a  great  extent  by  the  demand  for  munitions,  etc.,  since, 
in  addition  to  the  various  mixtures  previously  mentioned,  manganese  is 
used,  in  -nichrome,  monel  metal,  aluminum,  and  stelhte,  the  well  known 
high-speed  cutting  tool,  as  weilas  in  other  less  well  known  mixtures.  Prob- 
ably the  most  recent  use  for  manganese  is  in  a  certain  non-ferrous 
mixture  which  is  used  for  the  production  of  the  necessary  charcoal  for 
gas  masks  by  the  carbonisation  of  fruit  stones. 
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A  Metallographic  Iivestigatioii  of  Trausrerse-flssure  Rails  with 
Special  Reference  to  Hi^-pho^honis  Streaks 


BT    a.    F.    COUSTOCK,*    A.  B,,   UET.  E.,  NIAOARA   FALLS,    N.    Y. 
(New  York  Meetin«.  Febni»iy,  IBIO) 

The  mibject  of  transverse  ^surea  in  steel  rails  has  been  discussed 
very  thoroughly  in  recent  years  from  various  points  of  view  and  the  final 
opinions  expressed  may  be  roughly  classified  into  two  groups: 

(1)  That  these  fissures  are  the  result  merely  of  fatigue  of  the  steel- 
and  are  independent  of  the  quality  of  the  metal. 

(2)  Tliat  the  quaUty  of  the  metal  and  the  mill  practice  must  have 
something  to  do  with  them. 

The  first  point  of  view  wasmost  ably  and  logically  presented  by  J.  E. 
Howard,'  and  in  the  discussion  of  this  paper,  as  well  as  in  several  other 
preceding  publications.  Dr.  P.  H.  Dudley,  Consulting  Engineer  of  the 
New  York  Central  Lines,  has  strongly  defended  the  other  opinion.* 
The  steel  makers  of  the  country  have  naturally  rallied  under  Mr.  How- 
ard's banner,  hoping  to  place  the  entire  blame  for  these  failures  upon  the 
railroads  with  their  high  wheel-loads,  hard  steel,  heavy  traffic,  and  some- 
times inferior  road-bed;  while  the  railroad  men,  on  the  other  hand,  have 
been  busy  accumulating  statistics  and  records  in  the  effort  to  find  an 
actual  reason  in  the  rails  themselves  that  would  account  for  the  seemingly 
haphazard  occurrence  of  transverse  fissures  under  varying  conditions 
and  at  widely  separated  points. 

The  view  that  these  fissures  were  due  merely  to  normal  fatigue  under' 
alternating  stresses  seemed  most  reasonable  to  the  writer  until  quite 
recently,  because  from  work  done  in  this  laboratory,  as  well  as  the  work 
of  other  investigators  of  the  problem,  no  structural  differences,  in  the 
vast  majority  of  cases,  were  found  between  metal  at  the  nuclei  of  trans- 
verse fissures  and  metal  at  similar  positions  in  the  same  rails  or  in  other 
rails  that  had  not  developed  fissures.  Within  the  last  year  or  two,  how- 
ever, since  the  method  of  etching  pohshed  sections  for  the  microscope 
with  a  cupric  chloride  solution  has  been  tried  systematically  on  length- 
wise sections,  passing  through  the  nuclei  of  transverse  fissures,  evidence 

*  Metallographiat,  Titaniiuu  Alloy  Manufacturing  Co. 

>  Bulletin  No.  131  (November,  1S17)  1871.     Trant.  (1918)  68,  597. 

>  PtiOetin  No.  136  CApril,  1918)  777.     Trans.  (1918)  68,  627. 
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began  to  accumulate  that  there  was  a  certain  structural  peculiarity  of 
the  metal  associated  with  these  fissures,  very  often  showing  its  most 
distinct  development  at  the  nucleus  rather  than  elsewhere  in  the  section 
examined.  So  far  as  the  writer  is  aware,  this  particular  method  of  ex- 
amination has  not  been  used  by  other  workers  who  have  published  re- 
sults of  metallographic  investigations  of  transverse-fissure  rails,  so  that  it 
may  be  of  interest  to  present  at  this  time  the  data  that  have  been  acquired 
through  its  use. 

The  cupric  chloride  reagent  that  the  writer  has  found  to  give  the 
clearest  and  most  reliable  result  in  etching  polished  steel  sections  for 
the  microscope  is  the  one  recommended  by  Stead,*  A  sightly  modified 
form  of  this  reagent  is  described  in  another  paper*  by  the  same  author 
on  the  same  subject.  As  used  by  the  writer,  it  was  made  by  dissolving 
2.5  gm.  of  cupric  chloride  and  10  gm.  of  magnesium  chloride  in  5  c.c. 
of  hydrochloric  acid  and  the  smallest  possible  quantity  of  hot  water,  and 
diluting  with  alcohol  to  250  c.c.  Its  action  on  a  poUshed  steel  surface 
consists  in  depositing  a  film  of  copper  quickly  on  normal  metal,  while 
metal  higher  in  phosphorus  remains  bright  for  a  longer  time.  Thus  if 
the  action  is  not  continued  too  long,  the  location  of  high-phosphorus 
areas  on  a  polished  section  can  be  shown  very  clearly  as  br^ht  spots  on 
a  darker  background.  Silicon,  chromium,  nickel,  copper,  and  other  ele- 
ments existing  in  solid  solution  in  the  steel,  have  effects  similar  to  phos- 
phorus under  the  action  of  this  reagent,  but  in  general  it  is  phosphorus 
of  which  the  effect  is  most  important  and  most  commonly  encountered. 
The  pattern  developed  by  this  etching  may  be  made  more  contrasty  by 
dissolving  off  the  deposited  copper  with  ammonia,  as  described  by  Charpy 
and  Bonnerot."  This  procedure  was  not  followed  by  the  writer  in  any 
of  the  work  done  on  transverse-fissure  rails,  and  the  cupric  chloride  etch- 
ing was  always  continued  to  the  same  point,  as  far  as  could  be  judged, 
so  that  a  true  comparison  in  contrasts  between  different  samples  was  main- 
tained. The  effect  of  the  cupric  chloride  etching  on  the  samples  consid- 
ered in  this  paper  was  checked  by  repolishing  and  etching  again  Tvith 
a  0.5-per  cent,  solution  of  picric  acid  in  water,  as  advised  by  Stead.* 
This  solution  darkens  the  high-phosphorus  areas,  leaving  normal  metal 
brighter;  but  it  was  found  not  so  easy  to  use  as  the  alcoholic  cupric  chlo- 
ride, and  more  apt  to  act  irregularly  and  show  peculiar  curved  markings 
that  were  not  duphcat-ed  after  repolishing  and  etching  again. 

Through  the  courtesy  of  Dr.  P.  H.  Dudley,  of  the  New  York  Central 

■J.  E.  Stead:  Iron,  Carbon,  and  Phosphorus.  Jnl.  Iron  ftnd  Steel  Institute  (No. 
I,  igia)  91,  140. 

*  Iron,  Carboa,  and  Phosphorus.  Presented  at  a  meeting  of  the  Iron  and  Steel 
Institute,  May  2-3,  1918.     Advance  copy  No.  19. 

»G.  Charpy  and  S.  Bonnerot:  Note  sur  I'h^t^rogeDiSit^  dcs  sciere,  Cotnptes 
RenduB  (Oct.  22,  1917)  IM,  536-540. 


ifl  by  Google 


a,    F.    COHSTOCK  1701 

Lines,  and  a  few  others,  many  opportunities  have  been  a£Forded  this 
laboratory  during  the  past  6  years  for  investigating  the  structures  of 
rails  that  had  failed  from  transverse  fissures.  At  first,  when  the  usual 
methods  of  examination  were  used,  such  as  the  making  of  sulphur  prints, 
examining  poliehed  sections  for  non-metalUc  inclusions,  and  sections 
etched  with  picric  acid  or  alkahne  sodium  picrate  for  the  carbon  dis- 
tribution and  microstmcture,  no  structural  differences  were  found,  in 
the  large  majority  of  cases,  between  the  metal  at  the  nuclei  of  fissures 
and  that  at  similar  positions  in  the  rail  section  where  fissures  had  not 
developed.  There  were,  of  course,  a  few  exceptions,  where  the  origin 
of  the  fissure  could  be  definitely  traced  to  segregated  streaks  in  the 
steel,  such  cases  being  generally  among  those  in  which  the  transverse 
fissure  had  developed  from  a  longitudinal  crack.  The  two  sulphur 
prints  shown  in  Fig.  1  and  2  are  illustrations  of  the  exceptional  cases 
where  the  nuclei  of  transverse  fissures  were  located  directly  in  segregated 
streaks  that  caused  dark  spots  on  these  prints. 


Fia.  1.  Fio.  2. 

FlO.  I  AND  2. — StTLPHOB  PEINT8,  Jio  NATDRAL  SIZE,  OF  RAILS  THAT  FAILED 
TROy  TBAM8VER8E  FIBSUKBS,  THE  4BHOWS  POINTING  TO  THE  LOCATION  OF  THE  NUCLEUS 
IN  THE.CR0S8-8ECTION. 

When  the  use  of  cupric  chloride  reagents  was  discovered  and  advo- 
cated by  Stead  and  others  for  the  detection  of  phosphorus  segregation 
in  steels,  and  this  method  began  to  be  applied  to  longitudinal  sections 
cut  through  the  nuclei  of  trsinsverse  fissures  in  rails,  it  was  found  in  many 
cases  that  the  most  distinct  of  the  streaks  shown  in  this  way  passed 
through  the  nucleus.  In  some  of  these  rails  the  streaks  were  about  the 
same  throughout  the  section  examined,  but  in  practically  none  were 
they  absent  or  even  indistinct.  Fig.  3  is  a  photograph,  taken  at  a  magni- 
fication of  about  2}i  diameters,  of  two  polished  microscope  specimens 
etched  with  the  aqueous  picric  acid  solution,  which  darkens  the  high- 
phosphorus  streaks.    The  edges  of  these  specimens  show  parts  of  trans- 
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verse  fissures,  with  the  poUshed  sections  cutting  through  the  nuclei, 
and  in  each  case  it  is  plainly  seen  that  the  nucleus  of  the  fissure  is  directly 
in  line  with  the  most  distinct  dark  streak  on  the  polished  surface.  Fig. 
4,  5,  6,  and  7  are  photomicrographs  of  the  polished  surfaces  of  specimens 
cut,  like  those  in  Fig.  3,  through  the  nuclei  of  transverse  fissures  in  rails, 
but  etched  with  cupric  chloride.  Each  of  these  shows  the  edge  of  the 
specimen  at  the  nucleus  of  the  fissure,  and  the  most  distinct  high-phos- 
phorus streaks  are  shown  in  every  ease  passing  directly  into  these  nuclei. 
Fig.  8  and  9  are  similar  photomicrographs  of  other  rails  that  showed  lon- 
gitudinal cracks  running  through  the  streaks  in  line  with  the  transverse 
fissures.  Fig,  9  shows  also  a  transverse  crack  which  was  about  ^e  in. 
from  the  fissure,  and  in  the  same  segregated  streak  as  its  nucleus. 


Pig.  3. — Two  polished  specimens  for  the  michoscopb  gtcbbp  with  aottbous 

PICRIC  ACID  AND  MAGNIFIED  ABOOT  2}-^  DIAUETERS,  SHOWING  FARTS  OF  TRANSVERSE 
PISBTTRG8  ON  TBEtR  KDCES  AND  TBE  MOST  DISTINCT  STREAKS  ON  THE  POUSHED  SURFACES 
IN  LINE  WITH  THE  NPCLEI. 

Havingseenhow  high-phosphorus  streaks  were  found  associated  with 
transverse  fissures  in  all  rails  that  failed  in  this  way  and  that  were  ex- 
amined with  reference  to  such  streaks,  it  would  be  of  interest  to  look 
into  their  causes  and  determine  whether  they  necessarily  exist  in  aJI 
rails,  or  merely  in  raUs  subjected  to  certain  conditions  of  manufacture. 
If  a  definite  cause  for  the  streaks  can  be  estabhshcd,  and  if  some  rails 
can  be  found  without  them,  it  should  be  easy  to  show  definitely  whether 
or  not  they  really  have  any  connection  with  the  formation  of  transverse 


The  cause  of  the  irregular  effect  of  the  eupric  chloride  and  aqueous 
picric  acid  solutions  on  polished  steel  samples  has  been  demonstrated 
by  Stead,  in  the  papers-  already  mentioned,  to  be  due  to  the  irregular 
distribution,  chiefly,  of  phosphorus,  but  partly  of  other  elements  in  solid 
solution  in  the  steel.  By  the  well  known  process  of  selective  freezing 
which  steel  ingots  undergo  after  they  are  poured,  the  purer  metal  forms 


ifl  by  Google 


a.    F.    C0M8T0CK  1703 

solid  dendrites  or  "pine-tree"  crystals  in  the  liquid  metal,  which  then 
contains  more  than  its  share  of  the  carbon,  phosphorus,  etc.  On  coohng 
further,  the  dendrites  increase  steadily  in  buUt,  while  the  remaining  Uquid 
decreases  and  at  the  same  time  becomes  more  and  more  saturated  with 


Fig.  6.  Fiq.  7. 

Fio.   4,   5,  6  AND  7. — PHOTOMiCROORAPaa     of     lonoititdinal     sbctions     of 

RAILS  AT  THl  NtrCLBI  OP  TBANaVBKSB  FiaSrRES,  BTCHED  WITH  CUPRIC  CHLORIDE  AND 
MAONIFIBD  16  DIAUBTBRa,  SHOVING  DISTINCT  STREAKS  AT  TBB  NUCLBCB  IN  EVERY 
CASE. 

impurities.  Thus  the  ingot,  when  first  frozen,  ia  far  from  homogeneous, 
and  can  become  so  only  by  diffusion  in  the  solid  state.  This  takes  place 
to  some  extent  in  the  soaking  pits,  especially  in  regard  to  carbon,  which 
becomes  thoroughly  diffused  much  sooner  than  phosphorus,  according 
to  Stead  and  other  authorities.     When  the  ingot  is  rolled  out  into  a  rail, 
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any  irregularities  in  composition  are  of  course  rolled  into  streaks,  and  in- 
stead of  a  dendritic  structure,  the  result  is  a  lamination.  Since  the  car- 
bon usually  becomes  thoroughly  diffused  in  the  soaking  pit,  the  lamina- 
tions do  not  appear  in  the  ferrite-pearUte  structure,  but  since  phosphorus 
diffuses  very  slowly  the  laminated  structure  may  often  be  expected  to 
show  in  the  finished  rail  when  treated  in  such  a  way  as  to  reveal  the  dis- 
tribution of  this  element. 

Every  ingot,  when  first  cast,  is  chilled  quickly  on  its  outside  by  the 
cold  mold  with  which  it  is  in  contact,  and  hence  its  outer  skin  is  nearly 
homogeneous,  and  free  from  coarse  dendrites,  segregation,  etc.     For  this 


Fig.  S.  Fio.  9. 

flo.  8. — a  lonqitudinal  crack  connected  with  a  than8vbrsb  fissure  ik 
a  bpecihbn  etcbed  with  cupric  chloride  and  magnified  16  diameters. 

cttpric  chloride  and  magnified  16  diameters. 

reason,  the  outer  surface  of  a  steel  rail  is  always  free  from  high-phos- 
phorus streaks  to  a  greater  or  less  depth.  Transverse  fissures  gener- 
ally have  their  nuclei  a  short  distance  inward  from  the  surface  of  the  rail 
section,  and  it  has  often  been  noted  that  the  nucleus  will  occur  at  the  same 
distance  below  the  top  of  the  head  as  the  topmost  distinct  high-phos- 
phorus streak.  This  streak  would,  of  course,  have  been  subjected  to 
a  greater  bending  moment  in  service  than  any  streak  existing  nearer  the 
center  of  the  rail,  and  hence  might  be  expected  to  crack  first. 

The  cause  of  the  high-phosphorus  streaks  has  been  seen  to  be  selective 
freezing  in  the  ingot,  which  cannot  be  avoided  by  any  means  now  known. 
The  effects  of  this  selective  freezing  may,  however,  be  remedied  or  over- 
come by  diffusion  in  the  solid  state,  which  is  a  very  slow  process  in 
regard  to  phosphorus.  If  longer  heating  of  the  sohd  steel  in  rail  manu- 
facture will  decrease  the  intensity  or  distinctness  of  the  high-phosphorus 
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streaks,  by  allowing  more  thorougli  diffusion,  then  rails  rolled  from  re- 
heated blooms  should  show  these  streaks  less  distinctly  than  rails  rolled 
direct  from  ingots.  A  most  interesting  fact  in  this  connection  is  that  out 
of  the  few  hundred  rails  that  have  failed  from  transverse  fissures  on  the 
New  York  Central  Lines,  just  two  of  them  had  been  rolled  from  reheated 
blooms.  If  it  could  be  shown,  therefore,  that  rails  rolled  from  reheated 
blooms  had  the  high-phosphorus  streaks  less  in  evidence  than  direct- 
rolled  rails,  a  strong  support  would  be  secured  for  the  theory  that  these 
streaks  had  some  influence  on  the  origin  of  the  fissures. 

To  investigate  this  point,  24  samples  of  rails  were  secured  through 
the  kind  cooperation  of  Dr.  Dudley,  of  the  New  York  Central  Lines, 
12  of  which  had  failed  from  transverse  fissures,  while  the  rest  had  given 
good  service  in  track.  All  but  one  of  the  former  had  been  rolled  direct 
from  ingots,  and  all  but  two  of  the  latter  had  been  rolled  from  reheated 
blooms.  Twelve  samples  of  rails  that  had  failed  from  transverse  fissures, 
and  that  had  been  previously  received  from  Dr.  Dudley,  the  Louisville 
&  Nashville  Railroad,  and  R.  W.  Hunt  &  Co.,  were  also  taken  into  this 
investigation,  making  24  transverse-fissure  rails  and  12  good  service 
rails.  Data  received  from  the  senders  regarding  these  samples  are  shown 
in  Table  1.  Unfortunately  data  as  to  the  amount  and  character  of 
service  endured  by  the  various  samples  are  not  at  hand,  and  the  method 
of  rolling  of  the  first  six  samples  is  not  positively  known,  although  there 
is  Uttle  doubt  that  all  were  rolled  direct.  These  samples  represent  dif- 
ferent heats  of  steel,  with  the  following  exceptions:  No.  5  belonged  to 
the  same  heat  as  No.  2;  No.  7  and  8  were  both  from  another  heat;  No. 
II  and  12  hkewise;  and  also  No.  33  and  35.  Since  the  unit  for  this  work 
seems  properly  taken  as  the  ingot,  with  its  particular  time  of  heating, 
it  did  not  appear  necessary  that  each  sample  should  represent  a  separate 
furnace  charge,  even  though  the  results  were  to  be  finally  averaged  for 
each  class  of  steel.  The  samples  of  failed  rails  represented  heats  that  had 
produced  anywhere  from  1  to  10  transverse-fissure  rails;  No.  21  was 
one  of  the  two  rails  rolled  from  reheated  blooms  that  have  been  found, 
on  the  New  York  Central  Lines,  to  have  failed  in  this  way. 

Table  2  gives  the  results  of  the  metallographic  examination  of  these 
samples.  The  first  thing  done  to  each  was  the  making  of  sulphur  prints 
from  a  cross-section  generally  within  an  inch  or  two  of  the  transverse 
fissure,  provided  it  appeared  on  the  sample  received.  These  prints 
were  classified  as  good,  fair,  poor,  or  bad,  according  to  the  amount  of 
segregation  shown.  Fig.  1,  mentioned  above,  shows  a  print  from  sample 
9,  classed  as  "poor,"  while  Fig.  2  shows  one  from  sample  14,  classed  as 
"fair."  Those  classed  as  "good"  showed  less  segregation  than  the  latter, 
and  those  classed  as  "bad"  showed  more  than  the  former. 

Sections  for  microscopic  examination  were  cut  from  the  heads  of  all  the 
samples,  longitudinally  and  upright,  that  is,  parallel  to  the  plane  of  the 
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web.  The  Bcctiona  covered  from  H  to  %  in.  of  the  height  of  each  head, 
and  were  so  located  as  to  cut  through  the  nucleus  of  the  fiaaure  in  samples 
that  showed  transverse  fissures.  In  those  that  did  not,  the  sections  for 
the  microscope  were  cut  near  the  center  of  the  head.  From  some  of 
the  samples  several  sections  were  examined.  The  grading  with  respect 
to  presence  of  alumina,  slag  inclusions,  and  distribution  of  sulphides, 
was  done  by  the  writer  from  examination  of  the  carefully  polished  sections 
before  etching,  the  terms  used  being  descriptive  of  the  quality  of  the  steel  • 


Table  1. — Description  of  Samples 


^T" 

Mill 

Lb. 
80 

Letter 

MatliodofltoUiiic 

Service  in  Tmck 

1 

A 

Probably  direct  from  ingot. 

Failed,  tranaverae  fissure. 

2 

A 

90 

'f 

Probably  direct  from  ingot. 

Failed,  transverse  fisBure 

3 

C 

85 

Probably  direct  from  inRot. 

Failed,  tranHvereo  fiaeurc 

4 

A 

80 

Probably  direct  from  inRot. 

Failed,  tranaverae  fissure 

6 

A 

00 

P 

Probably  direct  from  ingot. 

Failed,  transverse  fissure 

6 

A 

80 

Probably  direct  from  mgot. 

Failed,  transverse  fissure 

7 

B 

100 

A 

Direct  from  ingot. 

Failed,  transverse  fissure 

8 

B 

100 

A 

Direct  from  ingot. 

Failed,  transverse  fissure 

d 

C 

105 

A 

Direct  from  ingot. 

Failed,  transverse  fiaaure 

10 

C 

105 

D 

Direct  frojn  ingot. 

Failed,  transverse  fissure 

11 

c 

105 

A 

Direct  from  ingot. 

Failed,  transverse  fiaaure 

12 

c 

1ft? 

A 

Direct  from  ingot. 

Failed,  transverse  fissure 

13 

c 

100 

E 

Direct  from  ingot. 

Failed,  transverse  fissure 

14 

B 

100 

A 

Direct  from  ingot. 

Failed,  transverse  fissure 

15 

c 

100 

C 

Direct  from  ingot. 

Failed,  transverse  fissure 

16 

B 

105 

C 

Direct  from  ingot. 

Failed,  transverse  fissure 

17 

B 

80 

C 

Direct  from  ingot. 

Failed,  transverse  fissure 

18 

C 

100 

E 

Direct  from  ingot. 

Failed,  transverse  fissur* 

19 

B 

80 

E 

Direct  from  ingot. 

Failed,  transverse  fissure 

.20 

C 

100 

B 

Direct  from  ingot. 

Failed,  transverse  fissure 

21 

C 

105 

D 

Reheated  bloom. 

Failed,  transverse  fissure 

22 

B   ;  100 

B 

Direct  from  ingot. 

Failed,  transverse  fissure 

23 

C    ,100 

B 

Direct  from  ingot. 

Failed,  transverse  fissure 

24 

B 

80 

C 

Direct  from  ingot. 

25 

D 

100 

B 

Reheated  bloom. 

Good  service. 

26 

C 

105 

D 

Good  service 

27 

C 

105 

B 

Reheated  bloom. 

Good  service 

2S 

E 

100 

Good  service 

29 

E 

100 

Reheated  bloom. 

Good  service 

30 

E 

100 

Reheated  bloom. 

Good  service 

31 

B 

100 

C 

Direct  from  ingot. 

Good  service 

32 

B 

100 

B 

Direct  from  ingot. 

Good  service 

33 

D 

100 

Reheated  bloom. 

Good  service 

34 

C 

105 

C 

Reheated  bloom. 

Good  service 

35 

D     100 

E 

Reheated  bloom. 

Good  service 

36 

D  iioo 

C 

Reheated  bloom. 

Good  service 
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Tablb  2. — ReauUa  of  Examination  of  Samples 


QiuUlyisracudto 

Amoun 

OlfTM 

''r^^^s'br 

«cbitil  with 

B»mpl, 

_DiWribu- 

X'l^' 

oftr^?. 

•a" 

T^dt  V 

FerriW 

CamentIM 

Cuprlo 

chlD>id« 

AquMui 

PHSiO^Old 

1 

Good 

Poor 

Good 

Fair 

Little 

None 

Bad 

Poor 

2 

Good 

Bad 

Good 

Fair 

Traces 

None 

Bad 

Bad 

3 

Good 

Poor 

Fair 

Good 

None 

None 

Poor 

Bad 

4 

Fair 

Good 

Bad 

Good 

Little 

One 
streak 

Bad 

Bad 

5 

Fair 

Bad 

Good 

•Fair 

Little 

None 

Bad 

Poor 

" 

Poor 

Bad 

Good 

Poor 

Tracea 

Con- 
siderable 

Poor 

Poor 

7 

Fair 

Good 

Good 

Fair 

Traces 

None 

Fair 

Poor 

S 

Fair 

Good 

Good 

Poor 

None 

None 

Poor 

Poor 

9 

Poor 

Good 

Fair 

Poor 

None 

One 

streak 

Bad 

Bad 

10 

Good 

Good 

Good 

Fair 

None 

None 

Poor 

Fair 

11 

Good 

Good 

Good 

Poor 

None 

None 

Bad 

Bad 

12 

Good 

Good 

Poor 

Good 

Traces 

None 

Bad 

Bad 

13 

Good 

Poor 

Good 

Poor 

None 

None 

Bad 

Bad 

14 

Fair 

Good 

Good 

Fair 

Traces 

None 

Bad 

Poor 

15 

Good 

Good 

Poor 

Fair 

None 

None 

Bad 

Bad 

16 

Good 

Good 

Poor 

Fair 

Little 

None 

Bad 

Poor 

17 

Good 

Good 

Good 

Fair 

Traces 

None 

Poor 

Poor 

18 

Good 

Poor 

Good 

Good 

LitUe 

None 

Bad 

Bad 

19 

Good 

Good 

Good 

Fair 

Little 

None 

Poor 

Fair 

20 

Fair 

Good 

Good 

Good 

None 

One 
streak 

Fair 

Fair 

21 

Good 

Good 

Good 

Fair 

None 

None 

Good 

Good 

22 

Good. 

Good 

Good 

Fair 

Traces 

None 

Bad 

Bad 

23 

Good 

Good 

Good 

Poor 

Traces 

None 

Bad 

Bad 

24 

Good 

Poor 

Good 

Poor 

Traces 

None 

Poor 

Poor 

25 

Good 

Good 

Good 

Fair 

Traces 

None 

Good 

Fair 

26 

Good 

Good 

Good 

•Fair 

Traces 

None 

Pair 

Fair 

27 

Good 

Good 

Good 

Fair 

Traces 

None 

Good 

Good 

28 

Poor 

Good 

Good 

Fair 

Traces 

None 

Poor 

rwr 

29 

Bad 

Good 

Good 

Poor 

Little 

None 

Bad 

Bad 

30 

Fair 

Good 

Good 

Poor 

Traces 

None 

Fair 

Poor 

31 

Good 

Good 

Poor 

Poor 

Much 

None 

Bad 

Bad 

32 

Good 

Good 

Good 

Poor 

Much 

None 

Bad 

Bad 

33 

Good 

Good 

Poor' 

Good 

Little 

None 

Fair 

Good 

34 

Poor 

Poor 

Good 

Good 

Little 

None 

Good 

Good 

35 

Good 

Good 

Good 

Fair 

Traces 

None 

Poor 

Bad 

36 

Fair 

Good 

Good] 

Good 

Traces 

None 

Good 

Fair 
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judged  solely  on  the  basis  of  the  particular  kind  of  inclusion  under  con- 
sideration. The  data  given  in  the  columns  headed  "Amount  of  free 
ferrite"  and  "Cementite"  were  obtained  by  examination  of  the  sections 
after  etching  with  the  usual  alcoholic  solution  of  picric  acid;  and  in  cases 


Fia.  10.— Good.  Fio.  11.— Faie. 


Fia.  12.— Poor.  Piq.  13.— Bad. 

Fio.  10,  11,    12  and    IS.^Photomicrogbaphb  op  i^NorrriHNAL 

RAIL  HEADS  ETCHED  WITH  CDPRIC  CHLORIDE  AND  MAGNIFIED  16  DIAMETERS,  TO  IL- 
LUSTRATE THE  SIGNIFICANCE  OF  THE  TBHUS  USED  TO  DESCRIBE  THE  QUALITT  OP  SPECI- 
MENS WITH  RBOARD  TO  HIGH-PHOSFBOIinB  STREAKS,  SHOWN  BRIGHT  BY  THIS  ETCHING. 

where  cementite  was  pre&ent  this  was  checked  by  repohshing  and  etching 
with  boiling  alkahne  sodium  picrate.  The  term  "one  streak"  in  this 
connection  does  not  mean  that  only  one  particle  of  free  cementite  was 
seen  in  the  section,  but  that  there  was  in  the  sample  one  segregated 
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streak  containing  an  appreciable  network  of  free  cementite  between  the 
pearlite  grains. 

The  samples  were  next  repoliahed  and  etched  with  Stead's  cupric 
chloride  reagent,  all  as  nearly  as  poaaible  to  the  same  degree,  and  were 


Fio.  15. — Fair. 


, 

V  ■     1 

M'  .  1 

r  f\  . 

'  ■ 

y 

■  .'hi  , 

■  i  ;■*-■'     ! 
i  'i  . 

t 

! 

\\ 

,.\^' 

Fig.  16.— Poor. 
Fio.  14,  16,  16  and    17, — PHOTOmCBOGftAPHs    i 

RAIL   READS   BTCBBD    WITH    AQUEOUS   PICRIC    ACID    AMI 
ILLUSTRATE    1 

[BWITHRBOAItDT 


classified  in  the  same  way  as  the  sulphur  prints,  according  to  the  quality 
of  the  metal  judged  from  the  distinctness  of  the  streaks  shown.  Fig. 
10,  11,  12,  and  13  illustrate  the  terms  used  in  describing  the  quahty  after 
this  etching.     Finally  the  samples  were  all  repolished  again  and  etched 
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for  15  to  20  sec.  with  the  aqueous  picric  acid  solution  recommended  by 
Stead,  and  graded  as  before.  Fig.  14,  15,  16  and  17  illustrate  the  sig- 
nificance  of  the  terms  for  this  grading. 


Table  3. — Classification  of  Samples 

R>ilatb>t 

Rolled  di- 

RoOed 

Inr<«udto 

Onda 

«ita. 

■syr" 

rect  frpm 
ingot. 

IS" 

txroent. 

puoeiit. 

par  cent. 

per  oant. 

Good 

67 

58 

Sulphur  print 

Fair 
Poor 
Bad 

25 
S 

17 

17 
8 

Good 

67 

92 

Presence  of  alumina 

Poor 

21 

8 

Bad 

12 

Good 

7S 

83 

Presence  of  slug 

Fair 

■  Poor 

8 
13 

7 

Bad 

4 

Distribution  of  sulphides  by 

Good 
Fair 

21 
50 

26 
42 

mioroMOpe 

Poor 

:  None 

■  29 

33 

Amount  of  free  ferrite 

Traces 
Little 
Much 

37 
25 

-• 

68 
26 

17 

None 

83 

100 

Amount  of  free  cementite. . . 

One  streak 
Considerable 

13 
4 

Good 

4 

33 

46 

Cupric  chloride  etching 

Fair 
Poor 

8 
29 

25 

17 

11 

26 

27 
18 

Bad 

59 

25 

63 

9 

Good 

4 

25 

36 

Aqueous  picric  acid  etching 

Fair 

Poor 

12 
38 

33 
9 

16 
32 

36 
10 

Bad 

46 

3, 

52 

18 

In  Table  3  these  results  are  all  averaged  for  the  rails  that  failed  from 
transverse  fissures  and  for  those  that  endured  good  Bervice  without  failure, 
in  order  to  get  the  average  classification  of  each  kind  of  rails  with  respect 
to  the  different  characteristics  that  were  examined.  For  instance,  io 
regard  to  sulphur  prints,  out  of  24  transverse-fissure  rails,  16  were  classed 
as  "good"  in  this  respect,  'or  67  per  cent.;  6  were  classed  as  "fair,"  or  25 
per  cent,;  and  the  remainder,  or  8  per  cent.,  as  "poor."  The  classifica- 
tion of  direct-rolled  rails  was  practically  the  same  as  that  for  the  trans- 
verse-fissure rails,  and  the  rails  rolled  from  reheated  blooms  were  also 
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similar  to  the  good-Bervice  rails,  so  that  it  did  not  seem  desirable  to  fill 
out  the  last  two  columns  of  the  table  except  in  regard  to  the  high-phos- 
phorus streaks. 

In  Table  3  it  is  readily  seen  that  the  majority  of  both  the  failed  and 
the  good  rails  were  classed  as  "good"  in  regard  to  sulphur  prints,  pres- 
ence of  alumina,  and  presence  of  slag;  and  as  "fair"  in  regard  to  dis- 
tribution of  sulphides,  with  either  no  ferrite  or  only  traces,  and  with 
practically  no  cementite.  Of  course  there  are  sUght  differences  in  these 
respects,  and  the  failed  rails  are  seen  to  average  better  in  regard  to  sul- 
phur prints,  worse  in  regard  to  alumina  and  slag  inclusions,  and  to  have, 
on  the  average,  less  ferrite  and  more  cementite  than  the  good  rails.  The 
showing  in  regard  to  sulphur  prints  should  not  be  taken  to  mean  that 
rails  showing  segregation  in  these  prints  are  more  apt  to  give  good  serv- 
■  ice,  without  failure,  than  rails  of  which  the  sulphur  prints  are  good, 
for  this  investigation  is  concerned  with  only  one  particular  type  of  rail 
failure,  and  there  ia  no  question  whatever  about  segregated  mils  being 
especially  susceptible  to  another  type  of  failure  known  as  a  "split  bead." 
These  results  show,  however,  that  segregated  sulphides  are  not  a  cause  of 
transverse  fissures.  In  regard  to  alumina  inclusions,  the  results  might  be 
considered  as  indicating  that  these  have  some  effect  on  the  fissures  were 
it  not  for  the  fact  that  no  case  has  arisen  where  a  streak  of  alumina  par- 
ticles was  found  in  line  with  and  close  to  the  nucleus  of  a  fissure.  The 
showing  in  regard  to  free  ferrite  and  cementite  is  merely  a  corroboration 
of  the  fact  several  times  stated  by  other  writers  that  transverse  fissures 
occur  most  frequently  in  hard  high-carbon  rails.  The  indication  is 
worth  noting,  however,  that  a  thick  ferrite  network  in  the  microstructure 
seems  to  mean  less  tendency  toward  the  formation  of  fissures,  while 
cementite-bearing  streaks  in  the  head  mean  a  greater  tendency  toward 
their  development. 

Tie  various  aspects  of  the  structure  so  far  considered  in  Table  3  have 
given,  for  the  two  kinds  of  rails,  classifications  that  were  similar  in  their 
general  indications,  showing  that  none  of  these  peculiarities  could  be  an 
important  cause  of  transverse  fissures.  The  last  two  criteria,  however, 
show  a  decided  difference  in  the  classification  figures  for  the  two  kinds 
of  rails,  and  indicate  that  there  Is  here  at  least  some  relation  between 
these  aspects  of  the  structure  and  the  formation  of  the  fissures.  Thus, 
while  88  per  cent,  of  the  failed  rails  were  classed  as  poor  or  bad  in  regard 
to  the  high-phosphorus  streaks  shown  by  the  cupric  chloride  etching, 
only  42  per  cent,  of  the  good-service  rails  were  so  classed;  and  the  aqueous 
picric  acid  etching  checks  these  figures  in  almost  the  same  way.  Com-, 
paring  the  direGt>-rolled  rails  with  the  rails  rolled  from  reheated  blooms, 
the  figures  are  more  strongly  suggestive,  becoming  89  and  88  per  cent., 
respectively,  for  the  sum  of  the  poor  and  bad  classes  of  the  direct-rolled 
rails  after  the  two  methods  of  etching,  and  only  27  and  28  per  cent,  for 
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the  same  classes  of  the  rails  rolled  from  reheated  blooms.  In  obtaining 
these  average  classification  figures  for  direct-rolled  rails,  samples  1  to  6, 
inclusive,  had  to  be  omitted  on  account  of  the  slight  uncertainty  regarding 
their  method  of  rolling.  But  on  the  30  samples  of  which  the  method  of 
rolling  is  known  without  doubt,  the  cupric  chloride  etching  shows  regu- 
larly increasing  percentages  from  the  "good"  to  the  "bad"  classes  for  the 
direct-rolled  rails,  while  the  percentages  regularly  decrease  from  "good" 
to  "bad"  for  the  rails  rolled  from  reheated  blooms.  The  aqueous 
picric  acid  etching  checks  these  figures  fairly  closely.  Here  is,  then, 
a  clear  indication  that  reheating  the  blooms  in  rail  manufacture  will 
give  a  product  decidedly  more  free  from  high'phosphorus  streaks  than 
the  direct-rolling  process  will  give,  and  it  has  also  been  shown  that  rails 
can  be  made,  and  are  made,  that  are  practically  free  from  these  streaks 
(see  Fig.  10  and  14). 

Theinclusionof  samples  lto6  among  the  direct-rolled  rails,  where  they 
belong  in  all  probability,  would  alter  the  figures  in  the  third  column  of  Table 
3  to  only  a  slight  extent.  The  difference  between  the  classification  in  the 
fii^t  two  columns  of  this  Table  and  that  in  the  last  two  columns  is  due,  as 
shown  in  Table  1,  largely  to  three  samples — No.  21,  31,  and  32.  The 
former,  as  stated  before,  is  one  of  the  two  rails  that  were  rolled  from  re- 
heated blooms  that  have  failed  from  transverse  fissures  on  the  New  York 
Central  Lines,  and  hence  is  an  exceptional  case.  The  other  two,  both  from 
the  same  mill,  were  rolled  direct  from  the  ingots,  and  showed  very  distinct 
high-phosphorus  streaks,  yet  gave  good  service  without  developing  fissures. 
As  seen  in  Table  2,  these  two  rails  are  the  only  ones  in  the  entire  series  that 
showed  much  ferrite  in  their  microstnictures,  and  indeed  they  had  every 
appearance  of  being  Bessemer  steel,  although  reported  as  open- hearth. 
It  may  be,  therefore,  that  the  presence  of  the  thick  ferrite  network  helped 
these  rails  to  resist  the  development  of  fissures  in  spite  of  their  high- 
phosphorus  streaks,  and  this  may  likewise  be  the  reason  why  Bessemer 
rails,  in  general,  do  not  develop  transverse  fissures  in  spite  of  the  streaks 
which  would  be  expected  from  their  higher  phosphorus  content.  If 
these  two  rails  were  considered  as  exceptional,  on  account  of  being  lower 
in  carbon  than  all  the  other  rails,  and  were  discarded  from  the  averages, 
together  with  the  exceptional  No.  21,  the  classification  figures  in  Table  3 
for  the  rails  that  gave  good  service  would  become  practically  identical 
with  those  for  the  rails  rolled  from  reheated  blooms,  which  offer  a  more 
striking  comparison  with  the  figures  for  the  failed  rails. 

Attention  should  also  be  drawn  to  the  three  samples  28,  29  and  30, 
■  which  were  the  only  rails  rolled  by  mill  "E,"  and  were  received  from  a 
certain  railroad  where  the  service  may  not  have  been  as  severe  as  that 
which  some  of  the  other  rails  endured.  These  rails  were  the  worst  of 
all  in  regard  to  sulphur  prints,  and  also  made  a  poor  showing  in  r^ard 
to  high-phosphorus  streaks,  although  reported  as  having  been  rolled 
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from  reheated  blooma.  There  is  thus  a  suspicion  that  the  mill  practice 
was  not  the  best  where  these  rails  were  made,  and  that  their  service 
record  might  not  have  been  bo  good  had  they  been  on  the  same  lines  as 
the  other  samples  here  considered.  These  rails  were  included  amon); 
the  averages  in  the  "good  service"  and  "reheated  bloom"  columns  of 
Table  3,  but  had  they  been  omitted  on  account  of  being  from  a  different 
mill  and  raib-oad  from  the  other  samples,  the  showing  in  these  columns 
would  have  been  better. 

Summarizing  the  evidence  connecting  transverse  fissures  with  the 
high-phosphorus  streaks  shown  by  etching  longitudinal  sections  of  the 
rails  with  a  cupric-chloride  reagent,  it  has  been  shown  thait  in  many 
instances  the  nucleus  of  the  fissure  ia  located  in  the  most  distinct  of  the 
streaks  in  the  rail  head,  or  in  the  uppermost  of  the  distinct  streaks,  and 
that  practically  all  rails  with  this  type  of  failure  that  have  been  examined 
have  been  found  to  contain  these  streaks.  Also,  it  has  been  shown 
that  of  the  rails  examined,  those  rolled  from  reheated  blooms  were  much 
less  apt  to  contain  these  streaks,  due  to  uneven  phosphorus  distribution, 
than  the  direct-rolled  rails  were,  and  many  that  gave  good  service  in 
track,  without  failure,  lacked  the  streaks  entirely.  This  fact  fits  in  very 
well  with  the  discovery  of  Dr.  P.  H.  Dudley,  of  the  New  York  Central 
Lines,  that  rails  rolled  from  reheated  blooms  do  not,  with  two  exceptions 
to  date,  develop  transverse  fissures,  and  the  natural  inference  is  that  it 
is  because  they  do  not  contain  the  high-phosphorus  streaks.  This 
gives  a  definite  reason  both  from  practice  and  theory  for  reheating  the 
blooms  in  rail  manufacture. 

It  is  interesting  to  note  also  in  this  connection  that  W.  R.  Shimer' 
concluded  that  rails  rolled  from  reheated  blooms  are  more  ductile  than 
direct-rolled  rails,  regardless  of  their  finishing  temperature.  He  explained 
this  by  referring  to  the  removal  of  rolling  strains  in  the  reheating  furnace, 
an  explanation  which  was  not  considered  valid  by  Prof.  Hoyt  in  dis- 
cussing the  paper.  Probably  a  better  diffusion  of  phosphorus  was  the 
chief  reason  for  the  better  ductility  found  by  Mr.  Shimer  in  his  rails 
rolled  from  reheated  blooms,  and  this  aspect  of  the  mierostructure  was 
not  mentioned  either  in  his  paper  or  in  the  discussion. 

It  should  be  understood  that  the  high- phosphorus  streaks  need  not 
be  always  present  in  direct-rolled  rails,  because  if  the  ingot  was  kept 
in  the  soaking  pit  long  enough  the  phosphorus  would  diffuse  there  just 
as  well  as  in  the  reheating  furnace  for  blooms,  although  it  would  probably 
take  longer  for  thorough  diffusion  to  occur  in  an  ingot  than  in  a  bloom. 
Furthermore,  a  rail  rolled  from  a  reheated  bloom  might  readily  show 
distinct  streaks  if  both  the  ingot  and  bloom  had  been  heated  only  as  short 

'  Effect  of  PHnishing  Temperature  of  Rails  on  their  Physical  Properties  and 

Microatnicture.     Trans.  (1915)  51,  828. 
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a  time  as  pomible.  Nevertheless,  the  chaDces  for  a  direct-^ioDed  rail  to 
show  a  distinctly  streaked  cooditioo  in  regard  to  phosphorus  are  mach 
greater  than  in  the  case  of  rails  rolled  from  reheated  blooms,  as  is 
shown  by  this  investigation. 

It  is  not  claimed  that  reheating  the  blooms  is  a  sure  cure  and  the  only 
cure  for  transverse  fissures  in  rails,  because  the  presence  of  a  fissure  in 
sample  21  would  refute  this  claim.  But  the  evidence  here  given  supports 
stron^y  the  contention  that  s^regation  of  phosphorus  in  abrupt  alternate 
bands  of  almost  microscopic  tdze,  running  lengthwise  in  the  rail  head. 
are  an  important  cause  of  transverse  fissures,  and  that  by  reheating  the 
blooms  from  which  rails  are  rolled  these  bands  may  be  reduced  in  intensity 
by  diffusion  and  the  tendency  toward  the  formation  of  transverse  fissures 
may  be  appreciably  lessened. 

These  conclusions  do  not  contradict  or  disprove  the  fatigue-faUure 
theory  of  transverse  fissures,  although  they  seem  to  support  the  opposite 
view  of  origin  from  a  defect  in  the  steel.  Mr.  Howard's  work  has  been 
valuable  in  showing  how  the  peculiar  appearance  of  these  fissures  is 
caused  and  in  giving  a  reason  for  their  failure  to  start  at  the  upper 
surface  of  the  rail.  But  may  not  these  views  of  his  be  accepted,  without 
denying  the  view  of  the  other  school  that  there  must  be  some  reason  in 
the  steel  for  the  appearance  of  these  failures  in  much  greater  numbers 
in  rails  from  certain  heats,  or  in  rails  from  certain  periods  of  rolling,  than 
in  other  similar  rails  subjected  to  exactly  the  same  service?  The  ptant 
missed  by  the  supporters  of  the  fstigue-failure  theory  is  that  even  a 
fatigue  failure  must  have  a.  starting  point,  and  that  it  is  very  reasonable  to 
suppose  that  all  possible  variations  in  structure  would  not  have  exactly 
the  same  infiuence  on  the  facility  with  which  such  a  fatigue  failure  would 
start.  It  is  claimed  that  transverse  fissures  can  be  produced  mechanic- 
ally at  will  at  any  point  desired  in  any  rail,  which  is  interesting  as  showing 
that  the  mechanism  of  growth  of  these  failures  is  now  well  understood. 
But  almost  any  type  of  failure  can  also  be  produced  at  will,  mechanically, 
at  any  definite  point,  and  the  important  factor  is  to  know  what  internal 
conditions  in  the  material  tested  make  the  failure  start  more  easily, 
and  what  conditions  make  it  start  with  more  difficulty  or  only  after  a 
longer  time.  This  paper  is  presented  with  the  idea  of  throwing  a  little 
light  in  a  new  direction  on  the  internal  conditions  that  help  the  beginning 
of  transverse  fissures  in  rails,  and  in  the  hope  that  it  will  be  of  some  use 
in  linking  together  the  two  opposing  views  as  to  the  origin  and  growth  of 
these  peculiar  failures. 
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XmiTY  OF  PURPOSE  AND  SERVICE 

To  the  members  of  the  A.  I.  M.  E,,  who  have  given  much  and  risked 
all  to  fight  "Over  There"  with  pick,  or  gun,  or  brain,  and  to  the  members 
who  have  chosen  the  sometimes  more  self-denying  duty  of  remaining 
at  home  to  help  produce  metals  for  fighters: 

Your  experience  in  foreign  lands  has  bred  in  you  that  spirit  of  inter- 
nationalism which  will  Boon  be  infused  into  every  comer  of  our  country 
by  virile  lads  thrilling  from  a  great  experience  in  an  old,  yet  new,  land  over 
the  seas.  To  them  the  East  will  not  seem  as  far  from  the  West  aa  it  was, 
nor  the  North  from  the  South.  Sectional  jealousies  will  seem  despicable 
to  one  who  has  fought  for  a  great  ideal  shoulder  to  shoulder  with  real 
men  of  other  nations.  And  they  who  have  willingly  sacrificed  much  on 
the  altar  of  service  will  have  little  patience  with  an  egotist,  be  he  laborer, 
tradesman,  capitalist  or  engineer. 

The  problems  which  peace  brings  to  us  are  more  difficult  than  those 
of  war  and  their  solution  requires  not  only  cool  heads,  tolerance,  and  wise 
judgment,  but  the  "getting  together"  of  sections  and  classes  and  indi- 
viduals. The  triumph  of  justice  over  individualism,  represented  by  the 
draft  law,  must  be  repeated,  for  there  are  "slackers"  in  peace  as  well  as 
in  war,  and  the  spirit  of  self-denial  expressed  in  response  to  Liberty 
Loans,  Red  Cross,  and  Welfare  drives  and  Food  Administration  appeak 
must  live.     We  have  only  just  b^un  to  learn  how  to  serve. 

It  is  often  claimed  by  our  members  that  the  engineer  is  not  given,  in 
the  community  at  large,  the  recognition  which  his  training  should  merit; 
that  his  reward  is  not  as  great  nor  his  service  as  welcome  as  it  should  be. 
Public  service  is  generally  assumed  to  be  a  logical  activity  for  a  lawyer, 
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a  banker,  &  tradeemaD,  etc.,  but  the  problems  peace  now  brings  can  best 
be  solved  by  the  eagineer.  Many  have  done  great  service  during  the  war 
because  they  grasped  the  first  opportunity.  They  did  not  wait  to  leam 
whether  the  honor  or  reward  attached  to  it  was  "good  enough"  for  them. 
Other  engineers",  at  the  end  of  the  war  are  still  waiting  for  an  offer  they 
are  willing  to  accept.  But  there  is  work  enough  for  all  in  the  tune  of 
reconBtruction  and  readjustmeiit  and  we  shall  find  it  in  proportion  to 
our  true  willingness  to  serve  generously,  but  our  perseverance  may  be 
taxed  harder  than  that  of  claases  of  citizens  who  have  been  identified 
longer  with  public  work.  Among  these  problems  b  the  very  difficult 
readjustment  that  must  take  place  in  the  relations  between  capital 
and  labor.  The  engineer  is  not  of  either  class  but  deals  intimately  with 
both.  Who  is  better  able  to  educate  labor  to  understand  the  problems 
of  the  capitalist  or  to  correct  in  the  mind  of  the  capitalist  misconceptions 
as  to  the  aspirations  and  needs  of  the  laborer?  Also,  there  are  problems 
incident  to  the  future  relative  importance  of  competition  and  cooperation 
in  industry;  of  the  disposition  of  the  railroads,  and  many  others  which 
will  readily  occur  to  all  engineers.  A  genuine  desire  to  serve  will  bring 
us  all  together  and  then  we  shall  be  better  able  to  help  solve  the  problrans 
that  will  arise  in  every  community. 

REPORT  OF  THE  NOMINATfflG  COMMITTEE 

The  report  of  the  Nominating  Committee,  presented  at  the  meeting 
of  the  Board  of  Directors  on  Oct.  25,  1918,  is  as  follows: 

District 
For  Pretident: 

Horace  V.  Winchell,  Minoeapolis,  Minn.  4 

For  Vice-Pre»idenl»: 

Edwin  Lttdlow,  Lsnsford,  Pa.  2 

A.  R.  Ledodx,  New  Yoric,  N.  Y.  0 

For  DirecloTs: 

J.  V.  W.  Rbynders,  New  York,  N.  Y.  0 

Georoe  D.  Barron,  Rye,  N.  Y.  0 

Charles  F.  Rand,  New  York,  N.  Y.  0 

Looie  S.  Catks,  Ray,  Ariz.  7 

Stanley  A.  Easton,  Kellogg,  Ida.  .  S 

Signed  R.  V.  Nobris,  Chairman, 
Waiter  H.  Aldridge, 

D.    W.    teUNTON, 

Walter  Douolab, 
A.  C.  Lane, 

C.    H.    MACD0WBL^ 

C.  W.  WHiTLmr. 


1919  DUES 

In  accordance  with  the  provision  of  the  Constitution,  notice  is  here 
given  to  all  Members,  Associates,  and  Junior  Associates,  that  the  dues 
of  the  year  1919  will  be  payable  on  Jan.  1,  1919,  at  the  office  of  the  Secre- 
tary. The  dues  for  Members  and  Associates  are  $12  per  year  and  the  sum 
of  $2  additional  is  a^ked  of  those  Members  and  Associates  who  desire  to 
have  the  two  volumes  bound  in  the  Institute's  standard  binding. 

The  dues  of  Junior  Associates  are  $5  per  year. 
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TRAWSACTIONS  WANTED 

The  Institute's  stock  of  Volumeg  XXXI,  LI,  and  LII  has  become 
much  reduced  by  sales.  If  members  have  copies  of  these  volumes 
which  they  can  spare,  the  price  of  J3  per  volume  will  be  paid  for  them, 
if  in  good  condition.  If  desired,  a  copy  of  the  Index  for  Volumes  XXXVI 
to  LV  will  be  given  for  one  of  these  volumes  of  the  Transactions  and  one 
dollar  additional.  For  two  volumes  of  the  Transactions,  a  copy  of  the 
Index  will  be  sent  and  the  balance  will  be  credited  to  the  payment  of  dues. 


Vol.  LIX  will  be  shipped  during  December  to  all  Members  whose 
1918  dues  are  paid  on  or  before  Nov.  15. 


NEW  YORK  MEETING,  FEB.  17  to  20,  1919 

The  program  for  the  Annual  Meeting  to  be  held  in  New  York,  Feb. 17 
to  20,  1919,  inclusive,  has  been  nearly  completed.  Besides  the  usual 
meetings  for  the  reading  of  technical  papers,  the  social  features  are  being 
given  special  attention.    They  will  probably  embody  the  following: 

On  Monday  evening,  a  lecture  by  one  of  our  fighting  airplane  pilots, 
to  be  illustrated  by  lantern  shdes  and  moving  pictures.  To  this  enter- 
tainment the  ladies  will  be  invited,  as  well  as  members.  On  Tuesday 
evening,  a  Smoker  at  which  some  very  startling  features  are  promised 
for  the  entertainment  of  members.  On  Wednesday  evening,  the  usual 
banquet,  at  which  it  is  hoped  to  have  some  very  interesting  speakers. 

The  usual  luncheons  will  be  served  in  the  Engineering  Building  and 
other  features  will  be  offered  for  the  entertainment  of  the  ladies  during  the 
day.  No  definite  plans  for  the  Thursday  excursion  have  yet  been  formu- 
lated, though  it  is  probable  that  something  interesting  will  be  offered  the 
members. 

The  chairmen  and  personnel  of  the  various  committees  so  far  include: 


JOBNeON, 

Ball. 

Finance— Georoe  D,  Babron,  Chairman. 

Banquet— A.  C.  Ltidi.dm,  Chairman;  F.  T,  Rtjbidok;  E.  B.  Sturgis. 

Luncheon — Forest  Rutherford,  Chairman;  E.  Maltbt  Shipf. 

ETeDing  Entertainments— E.  P.  Mathewson,  Chairman;  Lawrence  Aooices; 

Parkb  CHANHiNa;  Lucius  W.  Mater. 
Patriotic  Meeting — H.  C.  Parublbb.  Chairman. 


PROCEEDINGS  OF  THE  ONE  HUNDRED  EIGHTEENTH  MEET- 
ING OF  THE  INSTITUTE,  MILWAUKEE,  WIS. 

The  118th  meeting  of  the  Institute  was  under  the  auspices  of  the 
Institute  of  Metala  Division  and  the  Iron  and  Steel  Section,  and  was  held 
at  Milwaukee,  Wis.  The  opening  session  was  a  joint  meeting  with  the 
American  Foundrymen's  Association  and  the  American  Malleable  Castings 
Association,  and  waa  presided  over  by  Benjamin  D.  Fuller,  President 
of  the  American  Foundrymen's  Association.    At  this  time  Hon,  Emanuel 
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L.  Phillipp,  governor  of  Wiaconein,  welcomed  the  visitors  to  the  city. 
He  said :  You  will  find  the  people  of  Milwaukee  and  of  this  commonwealth 
hospitable  and  above  all  in  complete  sympathy  with  you  for  the  splendid 
work  you  are  doing,  and  although,  as  you  pass  through  the  great  shops 
of  the  city  some  one  may  answer  you-  in  a  foreign  tongue,  we  are  all 
Ajnericans. 

The  uppermost  thought  in  the  minds  of  the  American  people,  wherever 
they  may  assemble,  is  the  winning  of  the  great  worid  war.  Without  that 
success,  there  might  be  no  further  reason  why  we  should  meet:  someone 
else  might  tell  us  what  we  should  do.  But  we  have  progressed  far  enough 
in  that  struggle  to  begin  to  see  the  end  and  it  is  our  land  of  an  end  that 
we  are  seeing.  In  the  name  of  humanity,  let  us  hope  that  that  end  will 
come  soon ;  but  in  the  meantime  let  us  stand  firmly  together,  let  ua  keep 
the  wheels  turning  until  the  last  gun  is  fired. 

Insomuch  as  there  is  every  reason  for  believing  that  the  war  cannot 
last  very  much  longer,  it  is  time  that  we  began  to  think  of  what  is  going 
to  happen  and  what  we  are  going  to  do  when  the  war  is  over.  I  toke  a 
rather  optimistic  view  of  that  time.  I  appreciate  that  some  economic 
changes  will  come  to  us,  but  I  do  not  behave  that  the  business  of  the 
country  is  going  to  be  immediately  stagnated  or  that  in  the  immediate 
future,  at  least,  there  is  going  to  be  anything  like  a  paralysis  of  industries. 
There  is  bo  much  in  waiting  that  must  be  done.  One  of  the  first  demands 
will  be  the  improvement  of  our  transportation  faeiUties.  The  great 
railroads  of  the  country  are  wearing  out,  because  it  is  impossible  to  secure 
the  labor  or  the  material  to  keep  them  in  proper  repair;  but  we  must  do 
more  than  merely  repair  them.  The  demand  is  going  to  come  for  cheaper 
transportation.  We  are  urging  the  young  men  to  go  upon  tlie  farms. 
That  is  right  and  proper.  Agriculture  presents  the  very  best  field  for 
the  young  man  returning  from  mihtary  service.  However,  the  farmers  of 
this  western  country  are  going  to  demand  better  prices  than  they  received 
before  the  war.  One  of  the  things  that  can  be  done  to  help  them  get 
better  prices  is  to  furnish  transportation  at  a  minimum  cost.  That 
will  necessitate  the  purchase  of  millions  of  tons  of  steel.  Not  only  must 
the  tracks  be  rebuilt  and  the  grades  cut  down,  but  the  equipment  of  the 
railroads  must  be  renewed  and  the  balance  of  the  road  rebuilt  to  meet 
the  demands  of  a  really  first-class  modern  railroad.  Public  building  is 
being  delayed  until  we  can  better  spare  the  labor  and  the  material  than 
we  can  now.  So,  as  I  took  over  the  needs  of  the  country,  I  cannot  see 
why  there  should  be  any  business  depression  for  many  years  after  the 
war.  I  do  not  mean  to  say  that  war  prices  can  be  mamtained;  perhaps 
they  ought  not  to  be.  Gradually  we  must  get  back  to  the  level  that  nor- 
mal times  can  support.  However,  the  prospect  for  the  future  is  not  so 
gloomy.  Europe  is  going  to  furnish  a  market  for  our  agricultural  products 
for  some  time  and  will  demand  our  manufactured  material.  Besides,  we 
are  creating  a  merchant  marine,  which  will  open  to  us  the  commerce  of 
the  world. 

You  have  assembled  here  for  purposes  of  your  own  and,  as  the  Gov- 
ernor of  Wisconsin,  I  am  glad  you  came  to  us.  You  brought  to  us  your 
thoughts  and  new  ideas  in  manufacture,  in  the  particular  line  in  which 
you  are  engaged,  and  we  may  be  able  to  give  you  some  information  which 
will  be  for  the  mutual  good.  Happen  what  will  now,  let  us  stand  to- 
gether as  one  great  cooperative  organization,  keep  the  wheels  going, 
and,  as  the  boys  sing,  "Keep  the  Home  Fires  Burning." 
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Sbcrbtart  Backgrt  introduced  the  following  communication  from 
a  former  president  of  the  Association: 

Capt.  R.  a.  Bull. — If  I  occupied  with  the  American  Expeditionary  Forces  a 

C'tion  of  exposure  to  dangers  and  hardehipa,  or  if  1  performed  a  relatively  important 
ition  in  the  military  oi^anization  in  France.  I  would  heeitate  to  voice  my  eenti- 
meute,  which  in  either  case  might  be  mistaken  lor  self-praise. 

Many  things  must  be  done  by  the  non-combatant  branches  of  the  American  army 
in  France,  bacK  of  the  battle  Unes,  in  what  ie  called  the  Service  of  Supplies.  Those 
who  are  doing  this  work  make  no  pretensions  to  performing  the  tasks  of  heroes,  and 
feel  the  more  keenly  their  great  obligations  to  their  comrades  at  the  front,  because 
of  their  own  assignments  in  the  rear.  Many  of  them  have  seen,  as  I  have,  what  a 
wreck  of  the  yet  living  bodv  can  be  made  by  the  enemy's  bullet,  shell,  bomb  and  gas; 
have  witnessed  the  fortituae  of  wounded  men  under  intense  suftering;  have  observed 
the  morale  of  our  soldiers  detained  for  treatment  in  the  rear,  keenly  anxious  to  return 
to  the  trenches  to  settle  the  score  with  Friti.  Seeing  all  of  this,  and  realising  bow 
effectively  he  is  hitting  the  Boche  line,  my  respect  for  the  Yankee  fighting  man, 
whatever  may  be  hia  rank,  is  supreme.  Many  of  the  youths  who  man  the  guns, 
who  cany  the  cold  steel  over  the  top,  who  bridge  the  streams  under  the  enemy's 
fire,  who  minister  to  the  wounded  where  they  fall,  are  your  own  kinsmen.  How 
proudly  you  must  bear  yourselves  in  tbe  knowledge  (hat  those  of  your  own  flesh 
and  blood  are  bearing  this  burdeni  And  if  perchance  those  whom  you  love  must 
make  the  supreme  sacrifice,  how  glorious  a  heritage  their  dauntless  courage  will  leave 

It  is  always  comforting  to  know  that  our  own  are  in  good  hands.  You  have  been 
informed  through  many  channels  that  the  American  soldier  in  France  is  well  cared 
for.  I  want  to  add  my  endorsement.  The  medical  corps  is  zealous  in  its  care  for 
tbe  sick  and  wounded,  and  in  sanitary  work.  The  strictest  attention  is  given  to 
drinking  water.  Troops  quartered  in  oarracks  are  housed  with  special  regard  for 
ventilation  and  cleanlmess.  In  the  catnpe  in  France  where  I  have  been  stationed 
there  are  excellent  bath  houses,  better  than  those  at  the  camp  in  the  states  where 
I  was  formerly  on  duty.  The  quartermaster  corps  is  rendering  very  efficient  service 
in  procuring  and  distributing  clothing  and  other  supplies.  In  most  localities^  and 
where  conditions  permit,  the  army  messes  have  the  most  wholesome  food,  in  hberal 
quantities,  well  prepared.  There  is  no  lack  of  sugar,  wheat  flour  or  meat  in  the 
American  Flxpeditionary  Force,  mainly  due,  as  we  realize,  to  the  cheerful  self-denial 
of  the  folks  back  home.  Just  as  rapidly  as  our  troops  arrive  do  their  supplies  seem  to 
precede  them. 

The  American  Red  Gross  is  surpassing  all  ita  magnificent  traditions.  It  ia  found 
evetywhere  in  France,  seeking  to  serve,  leaving  with  those  who  have  felt  its  influence, 
grateful  recollections  that  will  never  fade,  its  chief  function  of  caring  for  those 
selected  by  fate  as  the  victims  of  the  enemy's  instruments  of  torture  and  suffering 
is  being  performed  with  the  ^[reateet  skill  and  dispatch,  in  superb  defiance  of  danger 
to  those  who  minister.  The  inspiring  devotion  of  its  hard-working,  consecrated  men 
and  women  will  constitute  one  of  the  moat  glorious  memories  of  this  conflict.  Linked 
as  its  activities  are  with  every  patriotic  home  in  America,  its  appeal  to  the  sentiment  ' 
of  the  Yankee  in  France  makes  it  hia  ideal  of  devoted  service  that  never  fails. 

The  needs  of  the  "Armfe  Amiricaine"  have  been  thoughtfuUy  considered  apart 
from  purely  physical  comforts.  At  the  convalescent  and  rest  camps  every  available 
means  is  supplied  for  cheerful,  wholesome  entertainment  and  recreation,  with  splendid 
effect  on  the  spirit  of  the  men.  By  long  odds  tbe  greatest  ainglefactorin  maintaining, 
dtiy  in  and  day  out,  the  morale  of  the  American  soldier  is  the  Y,  M.  C.  A.  There  is 
the  atmosphere  of  a  democratic  club,  the  resort  of  the  finest  type  of  man  that  has  been 
oreated^the  Yankee  buck  private. 

Tribute  has  been  paid  to  the  splendid  work  of  our  allies  countless  times.  After 
four  of  the  most  trying  years  through  which  any  nation  could  pass,  the  FVench  maintain 
their  poise  and  their  vigor  to  a  degree  that  is  amasing.  Unstinteid  praise  is  demanded 
by  such  an  inspiring  demonstration.  The  British  soldier  ia  entitled  to  our  admiration 
without  t>ouDas.  He  has  been  a  complete  faUure — as  his  own  press-agent.  As  a 
tenacious,  courageous  bull-dog  who  quietly  fights  on  until  he  or  his  adversarv  is  done 
for,  he  merits  our  highest  esteem.  John  Bull's  allies  are  under  an  enormous  obligation 
to  these  reticent  chaps  who  went  quickly  from  the  British  Isles  and  Colonies  to  the 
rescue  of  Belgium  and  France,  and  who,  without  anjr  fuss,  have  been  doggedly  seeing 
the  thing  through.  Do  not  forget  the  debt  of  America  to  the  British  navy.  And  re- 
member that  the  British  empire  has  to  date  furnished  about  8^  mimons  of  her 
T«ry  beet  men  to  save  democracy. 
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1  caa  appTOpriately  testify  to  the  earnest  appreciation  of  the  men  in  the  American 
Expeditionary  Force  for  the  splendid  work  being  done  by  the  industrial  anny  in  the 
states.  We  realize  that  millioiiB  of  men  and  women  and  many  children  must  labor 
in  America  that  the  vast  numbers  of  her  aons  in  Europe  may  have  the  means  to  finish 
their  task  quickly.  And  we  regard  those  who  are  unceasingly  rendering  this  service 
at  home  and  who  are  best  qualified  for  it,  as  equal  in  devotion  to  duty  with  those 
who  wear  the  overseas  cap.  You  reaUze  that  every  moment  of  time  or  ounce  of 
energy  wasted  in  the  United  States  increases  the  casualty  lists  of  our  army.  Those 
who  are  going  through  Hell  for  you  and  me  are  confidently  looking  toward  America 
for  that  supreme  manifestation  of  speed  and  efficiency  of  which  her  people  are  capable. 
Being  near  to  but  not  of  these  heroes,  without  credentials  from  them  out  voluntarily 
speaking  for  them  as  an  individual,  1  salute  you  as  brother-patriota,  whose  sole  purpose 
now  is  the  preservation  of  liberty  for  our  own  and  future  generations. 

The  following  resolution  pledging  to  the  Government  the  united 
resources  of  the  iron  and  ateel  industry  was  then  unanimously  passed: 

RESOLVED,  by  the  American  Foundrymen's  Association,  the  Institute  of  MelAls 
Division  of  the  American  Institute  of  Mining  Engineers,  the  Iron  and  Steel  Section 
of  the  American  Institute  of  Mining  Engineers,  the  American  Malleable  Castings 
Association  and  the  foundry  equipment  manufacturers  of  the  United  States  in  joint 
meetioK  assembled,  that  every  resource  of  these  allied  metal  trades  is  again  pledged 
to  the  Oovemment  not  only  in  the  production  of  materials  for  the  conduct  of  the  war, 
but  for  the  accelerated  manufacture  of  these  materials  to  enable  the  Goveminent 
to  greatly  int«isify  its  prosecution  of  the  war  and  to  bring  about  a  speedy  and  crusbing 
defeat  of  the  enemy  that  will  lead  to  his  abject  and  unconditional  surrender. 

The  activities  of  the  army  ordnance  department,  especially  as 
applied  to  foundry  matters,  were  told  by  C.  S.  Koch,  of  the  Cannon 
Section  of  the  Production  Division,  Ordnance  Department,  Washington, 
Cooperation  between  the  raiboad  administration  and  the  metal-working 
industries  was  then  urged  in  an  address  of  this  title  by  E.  D,  Brigham, 
manager  iron  ore,  coal  and  grain  traffic,  United  States  Railroad  Admin- 
istration, Duluth.  The  modern  methods  of  transferring  skill,  illus- 
-  trated  by  mihtary  films,  were  shown  by  Major  Frank  B.  Giibreth, 
Providence,  R,  I, 


INSTITUTE  OF  METALS  DIVISION 

The  first  meeting  of  the  Institute  of  Metals  Division  was  held  at  the 
close  of  the  joint  session,  with  Chairman  W.  M.  Corse  presiding.  Id 
his  address.  Chairman  Corse  said: 

The  most  important  event  of  our  year  is  the  affiliation  of  our  In- 
stitute with  the  American  Institute  of  Mining  Engineers.  It  gives  us 
the  opportunity  of  meeting  twice  a  year  and  of  associating,  in  at  least  one 
of  these  meetings,  with  men  representing  the  produce  of  the  metals  that 
we  all  use.  The  opportunity  to  study  the  raw  material  end  of  our 
business  has  not  been  afforded  at  our  meetings  heretofore  and  should 
prove  of  great  value  to  our  members.  The  affiliation  with  the  American 
Institute  of  Mining  Engineers  gives  a  permanent  headquarters  in  New 
York  city,  the  use  of  the  large  engineering  library  in  the  Engineering 
Societies'  Building,  and  a  permanent  secretarial  and  editorial  staff.  We, 
on  the  other  hand,  must  do  our  part  in  making  the  meetings  of  our  divi- 
sion a  success,  both  by  writing  papers  and  by  participating  in  the  discus- 
sions. Our  meetings  are  generally  considered  to  be  excellent  from  a 
discussion  standpoint.     Let  us  maintain  this  feature  in  our  divisional 
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meetings  and  interest  in  them  mea  who  are  infonued  on  subjects  related 
in  any  way  to  the  non-ferrous  metal  industry. 

In  these  war  times,  it  is  particularly  necessary  to  prepare  for  the  re- 
construction period  to  follow  by  perfecting  our  manufacturing  processes 
and  studying  the  most  efficient  methods  of  transacting  our  particular 
business.  Any  society  whose  aim  is  educational  has  a  duty  to  perform 
in  this  respect,  and  as  we  represent  the  non-ferrous  diloy  and  metal 
industries,  it  is  incumbent  on  us  to  see  that  we  are  inform^  of  the  best 
and  latest  practice  and  furnish  the  medium  for  its  wide  dissemination. 
The  need  for  maximum  production  is  so  great  at  the  present  time  that 
it  is  difficult  to  find  time  to  do  research  work,  but  it  seems  to  be  very 
necessary 'that  we  set  aside  some  money  and  time  in  order  that  we  may 
be  ready  to  produce  at  the  lowest  coat  and  in  the  most  efficient  manner, 
when  the  times  become  normal.  Our  efforts  in  this  direction,  through 
our  cooperative  work  with  the  Bureau  of  Standards,  have  been  halted 
during  the  war,  but  it  is  our  intention  to  continue  this  cooperative  work 
as  soon  as  practicable. 

Our  Institute  has  been  the  means  through  which  much  help  has  been 
rendered  to  the  Government  and  our  present  affiliation  puts  us  in  a 
position  to  be  of  maximum  help  in  this  respect.  Many  of  our  members 
have  rendered  splendid  service  in  technical  capacities  to  the  United 
States,  for  which  we  are  very  glad. 

It  gives  me  pleasure  to  see  the  generous  manner  in  which  our  men 
have  responded  to  any  calls  made  on  their  time  and  experience.  Let 
us  resolve  to  make  our  Institute  of  Metals  Division  more  of  a  power  in 
the  metal  world  and  to  carry  on  our  meetings  in  such  a  way  that  the  Ameri- 
can Institute  of  Mining  Engineers  will  feel  that  they  have  acquired  an 
enei^etic  and  useful  member  in  their  household.  I  want  to  thank  the 
membership  for  the  cooperation  they  have  given  me  during  the  year  and 
for  the  splendid  response  to  our  new  plan  of  organization.  May  the 
Institute  of  Metals  Division  of  the  American  Institute  of  Mining  Engi- 
neers be  a  worthy  member  of  the  metallurgical  family  of  which  we  are 
now  a  part. 

Secretary  F.  L.  Wolf  reported  that: 

The  Institute,  on  July  1,  1918,  had  an  active  membership  of  337  and 
an  associate  membership  of  49,  making  a  total  of  386.  In  the  active 
membership  are  included  the  corporation  members,  each  corporation 
having  three  members. 

Beginning  July  1,  1918,  the  American  Institute  of  Metals  became 
the  Institute  of  Metals  Division  of  the  American  Institute  of  Mining 
Engineers.  The  advantages  of  this  union  were  explained  in  the  letter 
sent  to  the  members  on  April  18.  We  retain  our  identity,  elect  our  owii 
officers  as  heretofore,  hold  our  meetings  as  before,  at  the  same  time  and 
place  as  that  held  by  the  American  Foundrymen's  Association  and,  in 
addition,  a  meeting  in  February,  which  is  held  at  New  York  with  the 
.  American  Institute  of  Mining  Engineers.  By  this  affiliation,  we  secure 
all  the  advantages  that  are  offered  by  one  of  the  largest  and  best  known 
scientific  societies.  A  glance  at  our  program  will  show  that  an  excellent 
program  has  been  provided  by  the  Papers  Coramittee  of  which  Dr.  Paul 
D.  Merica  is  chairman. 

The  receipts  and  disbursements  for  the  period  of  July  1,  1917  to  Oct. 
5,  1918  are  as  follows: 
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A.  F.  A 260.00 
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Office  Supplies 19.91 
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As  officers  for  the  ensuiDg  year,  the  nominating  committee,  consisting 
of  Gwilliam  H,  Clamer,  chairman,  J.  L.  Jones,  and  Alfred  Frank,  recom- 
mended the  following,  for  whom  the  Secretary  was  instructed  to  cast 
the  ballot:  Chairman,  W.  M.  Corse,  Ohio  Brass  Co.,  Mansfield,  O.; 
secretary-treasvTer,  F.  L.  Wolf,  Ohio  Brass  Co.,  Mansfield,  0.;  vice-ekair- 
men,  who  will  also  form  the  executive  committee,  Wm,  B.  Price,  Scovill 
Mfg.  Co.,  Waterbury,  Conn.;GeorgeK,  Burgess,  Ph.D.,  Bureau  of  Stand- 
ards, Washington,  D,  C;  Harold  J,  Roast,  James  Robertson  Co.,  Ltd., 
Montreal,  Can.;  C.  H.  Bierbaum,  Lumen  Bearing  Co.,  Buffalo,  N.  Y.; 
W.  A.  Cowan,  National  Lead  Co.,  Brooklyn,  N.  Y.;  Sir  Robert  A.  Had- 
field,  22  Carlton  House  Terrace,  London,  Eng.;  W.  K.  Frank,  Damascus 
Bronze  Co.,  Pittsburgh,  Pa.;  C.  H.  Mathewson,  Ph.  D.,  Scheffield  Scien- 
tific School,  New  Haven,  Conn,;  Zay  Jeffries,  Ph.  D.,  Aluminum  Castings 
Co.,  Cleveland,  C;  W,  H.  Bassett,  American  Brass  Co.,  Waterbury, Conn. 

TECHNICAL  SESSIONS 
Institute  of  MelaU  Division 

One  session  of  the  Institute  of  Metals  Division  was  held  on  Tuesday 
morning,  October  8,  Mr.  W,  M.  Corse  presiding.  The  following  papers 
were  presented; 

The  Metallo«ftphy  of  Tunaeten.  By  Zay  Jeffries.  (Presented  by  the  author: 
discussed  by  Sir  Robert  Hsdfietd,  J.  C.  W.  Humfrey,  P.  D.  Merica,  and  the  author.) 

NobM  on  Babbitt  and  Babbitted  Bearings.  By  Jesse  L.  Jones.  (Presented  by 
the  author;  discussed  by  G.  H.  Clamer  and  the  author.) 

The  second  session  was  held  on  Wednesday  morning,  October  9, 
Mr.  W.  M.  Corse  presiding.    The  following  papers  were  presented; 

Constitution  of  the  Tin  BroiiMs.  By  8.  L.  Hoyt.  (Preaent«d  by  P.  D.  Merica; 
tUscuBsed  by  C.  H.  Bierbaum.) 
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Oxvgen  and  Sulphur  in  th«  Melting  of  Copper  Cathodes.    By  3.  Skowrooski. 

Relation  of  Sulphur  to  the  OverpoUiiE  of  Copper.    By  S.  Skowronski. 

(Both  rapers  were  preeented  by  W.  H.  BaBsett,  and  diecuBsed  by  P.  Johnson 
(written),  G.  H.  Clamer.) 

Pure  CarfooD-free  ManKSneee  and  Manganese  Copper.  By  Arthur  Braid.  (Pre- 
sented by  the  author;  diecusaed  by  W.  H.  Bassett,  G.  H.  Clamer.) 


The  third  session,  a  symposium  on  the  conservation  of  tin,  was  held 
on  Wednesday  morning,  October  9,  immediately  following  the  session 
scheduled  above,  and  was  continued  on  Wednesday  afternoon.  Mr. 
G.  C.  Stone  was  in  the  chair.     The  following  papers  were  presented: 

BftbbittB  and  Solder.     By  0,  W.  Thompson.     (Presented  by  W.  A.  Cowan.) 
Bronze  Bearing  Metals.     By  G.  H.  Clamer.     (Presented  by  the  author.) 
Pennsylvania  RaUroad  Anti-friction  and  Bell  Metab.     By  F.  M.  Waring.      (Pre- 
sented by  W.  M.  Corse.) 

Solder,  Ite  Use  and  Abuse.     By  M.  L.  liaBberger.     (Fresrated  by  the  author.) 
The  Tin-plate  Industn'.     By  D.  M.  'Buck.     (Presented  by  the  Chairman;  dis- 
cussed by  G.  H.  Clamer,  J,  W.  Richards.) 

The  Aluminum  Bronxe  Industry.     By  W.  M.  Corse.     (Presented  W  the  author.) 
Bronies,  Bearing  Metals,  and  Soldera.     By  G.  K.  Burgess  and  R.  W.  Woodward. 
(Presented  by  P.  D.  Merica;  discussed  by  G,  H.  Clamer,  R.  T.  Roberta.) 

CAdmium  Resources  of  the  United  States.  By  C.  L.  Siebenthal.  (Presented 
by  P.  D.  Meriea;  discussed  by  M.  L.  Lissberger,  C.  W.  HiU,  F.  F.  Colcord.) 

The  fourth  session  was  held  on  Wednesday  afternoon,  beginning 
at  the  close  of  the  symposium  on  tin.  Mr.  W.  M.  Corse  presided.  The 
following  papers  were  presented. 

The  Volatility  of  the  Conetituente  of  Brass.  By  John  Johnston.  (Presented 
by  the  author;  diacussed  by  J.  W^  Richards.) 

The  ESect  of  Impurities  on  the  Hardness  of  Cast  Zinc  or  Spelter.  By  G.  C.  Stone. 
(Presented  by  the  author.) 

Dental  Amalgams.  By  A.  W.  Gray.  (Presented  by  the  author,  and  illustrated 
by  lantern  slides.) 


The  fifth  session  was  held  on  Thursday  morning,  October  10,  Mr. 
G.  C.  Stone  presiding.     The  following  papers  were  presented: 

Electrolytic  Zinc.     By  C.  A.  Hansen.     (Presented  by  title.     Written  discussions 
by  J.  L.  MoK.  Yardley  and  the  author.) 

The  Condensation  of  Zinc  from  its  Vapor.     By  C.  H.  Fulton.     (Presented  by 
C.  C.  Nitchie;  discussed  by  E.  E,  Thum.) 

The  Action  of  Reducing  Gases  on  Copper.     By  N.  B.  Pilling.     (Presented  by  the 
author.) 

Notes  on  Non-metallic  Inclusions  in  Bronies  and  Brasses.     By  G.  F.  Comstock. 
•resented'     ■■"   ' 

F>iBible 
by  title.) 


Iron  and  Steel  Section 

The  session  of  the  Iron  and  Steel  Section  was  held  on  Wednesday 
morning,  October  9,  Dr.  J,  W.  Richards  presiding.  The  following 
papers  were  presented: 
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The  EnRineering  Work  of  the  National  Research  Council.  By  H.  M.  Howe. 
(Presented  by  John  Johnston.) 

The  Limonite  Deposits  of  MayBcuei,  Meea,,  Porto  Rico.  By  C.  R.  Pettke  and 
Bela  Hubbard.     (Presented  by  title.) 

The  Manufacture  of  Ferro-alloya  in  the  Electric  FUmace.  By  R.  M.  Eeeney. 
(Presented  by  title.     Written  discussion  by  E.  3.  Bardwell,  H.  W.  Gillett.) 

The  Manufacture  of  Silica  Brick.  By  H.  LeChatelier  and  B.  Bogitch.  (Presented 
by  title.) 

Not^  on  Certain  Iron-ore  Resources  of  the  World,  N.  Y.  Section  Meeting  of 
May  23,  1918.     (Presented  by  title.     Discussed  by  J.  W.  Richards.) 

Recent  Geologic  Ilevetopment  on  the  Mesabi  Iron  Range,  Minn.  IHscusaion 
by  Anson  A.  Betts  and  J.  F.  Wolff.     (Presented  by  title.) 

The  Byproduct  Coke  Oven  and  its  Products.  By  W.  H.  Blauvett.  (Presented 
by  title.) 

The  Use  of  Coal  in  Pulveriaed  Form.  By  H.  R.  CoUins.  (Presented  by  the 
author;  discussed  by  A.  V.  Adamson,  J.  W.  Richaids,  H.  H.  Stoek,  R.  P.  Harrington, 
T.  A.  Marsh,  and  tne  author.) 

Carbocoal.     By  C.  T.  Malcolmson.     (Presented  by  N.  W.  Roberts.) 

Low-temperature  Distillation  of  Illinois  and  Indiana  Coals.  By  G.  W.  Traer. 
(Presented  by  the  author.) 

Method  of  Fixing  Prices  of  Bituminous  Coal  Adopted  by  the  U.  S.  Riel  Admin- 
istration. By  Cyrus  Garnsey,  Jr.  R,  V.  Norris,  and  J.  H.  AUport.  (Presented  by 
title.    Written  discussion  by  E.  McAuliffe.) 


MEETING  OF  BOARD  OF  DIRECTORS 

At  the  meeting  of  the  Board  of  Directors  held  on  October  25,  the  re- 
ports of  the  Treasurer  and  the  Nominating  and  Finance  Committees 
were  received.  Thirty-five  members,  seven  associates,  and  six  junior 
associates  were  elected;  one  change  of  status  from  junior  associate  to 
member  was  granted;  six  members  were  reinstated;  and  one  resignation 
was  accepted.  An  extension  of  time  was  granted  to  fourteen  members. 
The  dues  of  forty-seven  members  were  suspended  on  account  of  their 
being  in  active  service. 

The  application  for  formation  of  a  Houghton  Section  was  granted  and 
the  president  was  authorized  to  appoint  a  committee  on  organization. 
The  courtesies  of  the  Institute  were  extended  to  visiting  engineers  of 
France,  Great  Britain  and  Italy  who  are  at  present  in  the  coiintry  on 
war  missions.  Votes  of  thanks  were  extended  to  the  Committees  of  the 
Milwaukee  meeting.  The  proposed  Survey  of  Engineering  Organiza- 
tions by  Engineering  Foundation  was  approved.  The  Secretary  was 
authorized  to  pubhsh  in  the  Bulletin  an  appeal  from  the  American  Ouv- 
roir  Funds.  A  petition  signed  by  110  members  of  the  Institute  to  change 
the  name  of  the  Institute  was  presented. 

Treasurer  George  C.  Stone  resigned  on  account  of  contemplated  ab- 
sence from  the  city,  and  George  D.  Barron  was  elected  Treasurer  in  hia 
place. 

Mr.  Alexandre  Gouvy,  a  distinguished  French  engineer,  then  ad- 
dressed the  Board. 
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LOCAL  SECTION  NEWS 
SAIT  FRAiraSCO  SECTION 

T.  A.  RJCKARD,  Vice-chairman 

,  _   _ ,  969  Waverley  St.,  Palo  Alto,  Cal. 

D.  M.  RiOBDAN  C.  F.  ToLMAN,  Jr. 

A  joint  meeting  of  the  local  sections  of  the  several  national  engineer- 
ing societies  represented  in  San  Francisco  was  held  at  the  Engineers' 
Club  on  Thursday  evening,  Sept.  26, 1918.  The  subject  for  the  evening, 
"  Fuel  Conservation,"  was  ably  discussed  by  a  number  of  representatives 
of  the  Federal  Administration  and  by  engineers  interested  in  the  genera- 
tion and  utihzation  of  all  kinds  of  power  on  the  Pacific  Coast.  The 
following  extracts  from  papers  presented  at  this  meeting  have  been  se- 
lected as  being  of  the  greatest  interest  and  value  to  members  of  this 
Institute. 

Problems  of  Oie  Fuel  Administration 

Albert  E.  Schwabachsr. — America's  war  needs  call  for  100,000,000 
more  tons  of  coal  this  year  than  in  1917,  and  200,000,000  tons  more  than 
in  1914,  when  the  war  started,  and  this  increase  must  come  from  a  weaker 
man-power  than  that  of  1917.  It  must  be  transported  by  a  railroad 
system  that  has  not  been  improved  since  the  war  started,  and  has  been 
burdened  with  inconceivably  greater  demands  than  were  made  upon  it 
before  the  war.  This  tremendous  increased  demand  must  be  met  by 
most  intensive  work  in  three  directions;  increased  production,  efficient 
conservation,  and  a  distribution  system  which  will  insure  against  lost 
motion. 

While  every  European  country  has  decreased  its  coal  production  since 
the  war  began,  the  United  States  has  mined  50,000,000  tons  more  coal, 
during  the  first  year  of  the  war,  and  will  increase  this  by  another  50,- 
000,000  the  present  year.  Every  8  days  there  are  being  mined  and 
transported  as  great  a  weight  of  coal  as  of  the  entire  wheat  crop  of  the 
United  States.  Of  the  735,000,000  tons  of  coal  which  must  be  made 
available  for  consumption  by  our  railroads,  ships,  war  industries  and 
people,  100,000,000  tons  will  come  from  the  anthracite  fields,  the  re- 
mainder from  the  bituminous  fields. 

In  1917  there  were  produced  about  330,000,000  bbl.  of  oil,  and  this 
year  an  additional  amount  over  last  year's  production,  of  approximately 
23,000,000  bbl.  will  be  required.  Water  power  developed  5,000,000  hp., 
the  demand  greatly  exceeding  the  available  supply. 

Two  limiting  factors  to  the  production  of  coal  are  labor  and  trans- 
portation. With  a  decreased  labor  supply,  and  increased  demand,  full 
production  must  be  obtained  by  greater  efficiency  of  mine  workers  and 
conservation  by  industrial  and  domestic  consumers.  The  Production 
Bureau  of  the  United  States  Fuel  Administration  has  appointed  a  special 
committee  in  each  mine.  Three  members  are  chosen  by  mine  operators, 
and  three  by  the  workers.  This  committee  urges  miners  to  work  8 
hours  a  day  6  days  a  week,  to  report  the  number  of  tons  of  coal  pro- 
duced, and  to  discourage  shortages  of  hours  or  absence  from  duty,  even 
on  holidays.  Young  men  attending  school  in  the  winter  have  been  en- 
couraged bo  work  in  the  mines  during  the  summer.     As  an  example  of 
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the  patriotic  efficiency  evidenced  by  miners,  the  wonderful  record  of 
M&rion  Urbin  for  one  month  may  be  cited.  In  the  Bliss  colliery  of  the 
Lehigh  &  Wilkes-Barre  Coal  Co.,  he  mined  350  cars  of  coal,  and  he  had 
to  remove  58  cars  of  rock,  a  total  of  408  cars.  His  earnings  were  9350 
for  the  month. 

Before  the  war,  the  demand  for  domestic  coal  during  the  Bummer 
was  so  light  that  miners  would  often  seek  other  occupations.  The  Fuel 
Administration  has  encouraged  the  early  buying  and  storage  of  coaJ, 
by  patriotic  appeala  to  consumers  through  a  "Buy  flarly"  campaign. 
This  has  been  a  tremendous  success,  and  has  kept  the  demand  upon 
many  mines  during  the  summer  months  up  to  maximum. 

The  Fuel  Administration  has  created  a  Labor  Bureau,  wherein  the 
matters  pertaining  to  labor  in  the  coal-mining  industry  remain  under 
the  jurisdiction  of  the  United  States  Fuel  Administrator.  Strikes  in 
the  mdustry  have  been  reduced  to  a  minimum,  thanks  to  the  efScieot 
work  of  this  Bureau. 

A  zoning  system  which  eliminates  cros9-hauhng  of  coal,  and  avoids 
waste  of  transportation,  is  estimated  to  save  over  20,000,000  car-miles 
a  year  in  the  movement  of  coal.  A  consequent  saving  of  fuel  that  would 
otherwise  be  used  in  this  transportation  is  also  made. 

Before  the  organization  of  the  Fuel  Administration,  shipments  of 
bunker  coal  to  seaports  contained  as  high  as  10  per  cent,  foreign  sub- 
stance, such  as  bone  and  slate.  Strict  regulations  now  prohibit  the 
deUvery  of  any  coal  to  Atlantic  or  Gulf  ports  for  bunkering  purposes 
that  is  not  up  to  the  Fuel  Administration's  specifications  covering  clean 
coal. 

Fuel  oil  also  must  be  conserved  to  the  utmost,  aa  in  efficiency  as  a 
vessel  fuel  it  has  no  equal.  Mr.  Rossetter,  Director  of  Operations  of 
the  United  States  Shipping  Board,  advises  that  the  emergency  fleet  can 
be  operated  by  American  seamen  in  competition  with  foreign  vessels 
manned  by  cheap  Asiatic  labor,  providing  fuel  oil  ia  burned  instead  of 
coal.  An  equal  weight  of  fuel  oil  gives  more  heat  without  smoke,  re- 
quires less  man-power  to  handle,  and  occupies  much  less  bunker  space 
than  coal. 

H.  B.  CoUins,  of  the  Fuller  Engineering  Co.,  states'  that,  from 
actual  experience  with  many  grades  of  coal,  he  believes  that  every  solid 
carbonaceous  fuel,  from  hgnite  to  the  graphitic  anthracites  of  Rhode 
Island,  will  yield  its  maximum  measure  of  heat  if  burned  in  pulverized 
form.  The  cement  industry  alone,  in  California,  consumes  1,700,000 
bbl.  of  fuel  oil  per  annum.  If  California  low-grade  lignites  and  sub^ 
bituminous  coals  were  pulverized  and  utilized  as  fuel  to  serve  this  in- 
dustry, approximately  350,000  tons  of  coal  in  the  pulverized  state  would 
release  for  vessel  fuel  1,700,000  bbl.  of  fuel  oil. 

The  Fuel  Administration  is  endeavoring  to  stimulate  development 
of  hydro-electric  power  to  serve  as  a  substitute  for  fuel  oil  and  coal. 
Central  generating  stations  are  recognized  to  have  far  greater  possi- 
bilities for  fuel  conservation  than  smaller  isolated  plants,  and  the  elimi- 
nation of  less  efficient  plants  is  being  urged.  All  power  plants  in  the 
United  States  are  now  being  inspected  by  engineers  of  the  Fuel  Admin- 
istration, who  make  definite  recommendations  for  any  neceaaaiy  im- 
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provementa  in  plaot  construction,  operation  or  working  conditions.  In 
the  event  of  a  local  fuel  shortage,  preference  will  be  g;iTen  to  those  plants 
which  have  adopted  efficient  operating  methods  recommended  by  the 
Fuel  Administration. 

Inter-connection  of  power  companies  haa  been  accomplished  in  many 
localities  through  the  efforts  of  the  Fuel  Administration.  Substantial 
savings  of  fuel  oil  and  coal  have  been  made  possible,  particularly  in 
those  communities  where  water-power  plants  have  been  inter-connected 
with  those  operated  by  steam.  By  the  closing  or  consolidation  of  many 
so-called  "less  essential"  industries,  supplies  for  fuel,  raw  materials  and 
man-power  have  been  made  available  for  war  industries. 

In  its  efforts  to  secure  sufficient  fuel  for  our  war  industries  and  trans- 
portation companies,  the  Fuel  Administration,  in  conjunction  with  the 
War  Industries  Board,  has  curtailed  many  less  essential  industries  in 
varying  degrees.  Lightless  nights  are  estimated  to  save  500,000  tons 
of  coal  per  annum.  Skip-stop  systems  on  street  railroads  promise  to 
save  3  per  cent,  of  fuel  consumption.  The  daylight  saving  plan  will 
save  approximately  l^i  million  tons  of  coal  per  annum. 

With  only  slight  expenditures,  big  results  can  be  obtained  in  factories 
by  the  elimination  of  unnecessary  hghts  and  lights  of  too  great  candle 
power,  of  carbon  tamps  and  arc  lamps.  The  Fuel  Administration  also 
urges  the  substitution  of  nitrogen  lamps  and  the  washing  of  dirty  windows. 
Discontinuance  of  motor  power  when  machinery  is  idle,  ehmination  of 
excessive  sparking,  heating  or  erratic  speed  of  motors  is  recommended. 
Proper  ahgnment  of  shafting,  with  grouping  of  machines  so  as  to  operate 
motors  as  nearly  loaded  as  possible,  and  efforts  to  maintain  a  flat  load 
curve  are  also  urged. 

Domestic  consumers  are  urged  to  save  fuel  in  their  homes;  most  of 
this  saving  can  be  accomplished  by  proper  damper  control.  Conserva' 
tion  throughout  the  country  is  a  self-evident  necessity.  Still  more  radical 
curtailment  of  the  supply  of  fuel  to  industries  is  essential  to  ttte  carrying 
on  of  the  war,  and  most  be  enforced. 

Development  o(  W«ter  Power 

A.  H.  Mabewart. — In  developing  the  greatest'natural  resource  of 
the  country — our  "white  coal" — we  have  barely  made  a  beginning; 
here  is  a  supply  of  energy  which  is  practically  inexhaustible  so  long  as 
the  sun  shines.  The  undeveloped  water  power  of  the  nation  has  been 
variously  estimated  at  from  55,000,000  commerciaUy  to  225,000,000  hp. 
theoretically.  According  to  one  authority,  there  is  available  at  reason- 
able costs  from  75,000,000  to  150,000,000  hp.  Accepting  the  lower 
estimate  of  55,000,000,  it  is  stated  that  40,000,000  of  this  is  to  be  found 
in  13  Western  states,  and  most  of  it  is  under  Federal  control  because  of 
the  need  of  occupying  Government  land  wholly  or  in  part.  There  is 
perhaps  5,000,000  hp.  in  the  state  of  California,  but  not  over  half  a 
million  is  developed.  The  total  developed  water  horse-power  of  the 
United  States  is  given  as  about  6}^  million,  while  the  steam  engine  horse- 
power, including  railroad  locomotives,  is  placed  at  28,000,000.  It  is 
evident  that  there  are  great  water-power  opportunities,  many  of  which 
are  favorably  situated  for  immediate  development  to  satisfy  the  needs 
of  a  wide  and  constantly  increasing  consumption. 
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At  present  the  laws  under  which  water  power  may  be  utilized  are 
most  unfavorable,  with  the  disastrous  result  that  there  has  been  a 
stagnation  in  water-power  development.  While  in  normal  times, 
policies  were  deterrent,  lq  war  times  they  are  practically  prohibitive, 
and  the  obstacles  to  be  encountered  are  so  numerous  that  corporations 
are  reluctant  to — in  fact,  cannotr— undertake  any  expansion  whatever. 
At  present,  to  develop  a  hydro-electric  project  in  California,  one  finds 
it  necessary  to  obtain  permits  of  the  Forest  Service  (if  public  lands  are 
involved),  the  State  Water  Commission,  the  Railroad  Commission,  the 
Commissioner  of  Corporations,  and  the  Fuel  Administration;  and  then, 
when  all  of  these  permits  have  been  obtained,  it  is  necessary  to  secure 
a  certificate  from  the  Capital  Issues  Committee  that  the  issuance  of  the 
securities  in  connection  with  the  project  is  not  incompatible  with  the 
interests  of  the  United  States.  But  even  this  is  not  sufficient  in  these 
times,  for  after  all  this  has  been  done,  the  War  Industries  Board,  the 
Railroad  Administration  and  the  Selective  Service  Boards  will  determine 
respectively  whether  or  not  the  necessary  materials  of  construction  may 
be  obtained,  transportation  arranged,  and  men  secured  to  accomplish 
the  physical  work.  Of  course,  all  these  restrictions  appear  necessary  to 
safeguard  the  interests  of  the  public  and  to  maintain  the  conduct  of  the 
war,  but  they  do  not  facihtate  the  development  of  this  enormous  wealth 
of  potential  energy. 

That  the  interests  of  the  war  will  be  best  served  by  a  reduction  in 
the  use  of  coal  and  oil,  which  are  non-renewable  natural  resources,  is 
apparent;  and  no  one  disputes  the  benefits  to  be  derived  by  the  use 
of  a  form  of  energy  obtained  from  renewable  sources.  Moreover,  it 
requires  much  less  of  the  country's  man-power  to  produce  energy  from 
water  than  from  either  coal  or  oil.  It  would  therefore  seem  that  sane, 
accelerant  effort  should  be  directed  toward  the  utilization  of  hydro- 
electric power  rather  than  toward  the  exhaustion  of  coal  and  oil,  with 
the  consequent  waste  of  man-power  and  absorption  of  transportation 
facilities.  Water  power  is  now  being  conserved  to  the  highest  degree — 
in  fact,  it  is  locked  up — by  prohibitive  restrictions.  We  should  have 
done  with  this  kind  of  conservation  and  should  proceed  with  the  devel- 
opment and  utilization  of  this  tremendous  resource  in  order  to  save  for 
posterity  some  of  t^ose  non-renewable  natural  resources  upon  which 
this  generation  is  drawing  so  heavily. 

Fuel  Oil  for  Sbtps  after  the  War 

David  L.  FoLeoM. — If  the  United  States  is  to  meet  successfully  the 
industrial  and  political  problems  which  will  arise  after  the  war  it  must 
be  done  through  increased  domestic  development  and  through  the 
expansion  of  our  foreign  commerce. 

To  the  expansion  of  commerce  we  are  already  committed  through 
the  construction  of  the  merchant  fleet  under  the  United  States  Shipping 
Board.  In  1914,  the  total  merchant  fleet  of  the  world  was,  in  round 
numbers,  50,000,000  tons.  A  part  of  this  has  been  destroyed  by  sub- 
marines and  raiders,  but  by  1921  there  will  be  under  the  American  flag, 
and  under  the  direction  of  a  single  organization,  25,000,000  tons  of  new 
ships.  These  ships  must  have  some  place  to  go  and  they  must  have 
something  to  carry.    A  great  part  of  this  fleet  will  undoubtedly  operate 
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on  the  Pacific  and  every  port  and  every  industrial  section  of  the  Pacific 
must  feel  the  impulse  and  the  stimulus  of  increased  trade. 

If  this  ia  to  be  done,  I  believe  that  every  boat  which  operates  suc- 
cessfully on  the  Pacific  under  the  American  flag  must  be  an  oil  burner, 
and  that  eventually  these  boats  will  be  equipped  with  internal-com- 
bustion Diesel  engines.  There  are  two  reasons  for  this.  In  the  first 
place,  the  coaling  stations  of  the  world  axe  under  the  control  of  either 
the  English  or  Japanese  nations;  in  the  second,  it  is  only  throi^h  the 
use  of  oil  that  America  can  meet  competition  under  the  handicap  of 
the  hi^h  wages  which  this  country  pays  its  seamen. 

Oil  is  the  ideal  fuel  for  ships:  compared  with  coal,  it  is  cheaper  and 
easier  to  handle,  more  efficient  in  use,  and  gives  a  longer  steaming  radius 
to  vesseb.  The  amount  of  oil  required  to  supply  our  new  boats  will 
tax  our  resources  to  the  utmost.  At  present  we  are  not  producing  in 
this  country  enough  oil  to  meet  our  own  domestic  requirements,  and 
the  present  estimates  of  the  Shipping  Board  call  for  an  additional  80,- 
000,000  bbl.,  or  25  per  cent,  of  the  present  production,  for  the  support 
of  the  new  merchant  fleet.  This  can  mean  only  one  thing — a  smaller 
consumption  of  oil  on  land.  On  the  Pacific  Coast  this  presents  an  acute 
problem  worthy  of  the  best  talent  in  the  engineering  profession.  Oil 
is  our  best  fuel,  and  California  oil  supplies  two-thirds  of  the  power,  light 
and  heat  over  the  western  third  of  the  United  States. 

n  we  are  to  expand  our  own  trade  and  develop  products  to  supply 
cargoes  for  our  ships,  we  must  have  power,  we  must  have  fuel  for  fac- 
tories, mines  and  farms.  In  face  of  the  neces^ty  for  decreased  use  of 
oil,  where  is  the  Pacific  Coast  to  get  this  power?  I  believe  there  is  no 
single  solution,  but  instead  a  joint  solution  to  this  problem.  Oil  must  be 
used  more  efficiently  both  on  land  and  on  ships,  through  the  develop- 
ment and  increased  use  of  the  internal-combustion  engines,  and  on  land 
hydro-electric  power  must  be  developed  and  used  on  a  greater  scale 
than  ever  before. 

The  Use  of  Gas  as  a  ConBerratioii  Measure 

John  A.  Britton. — As  competitors  with  artificial  gas  for  the  genera- 
tion of  light,  heat,  and  power,  we  have  electricity,  wood,  coal,  oil,  and 
the  residual  products  of  crude  oil. 

Electricity  has  never  measured  up  to  the  standard  of  other  means 
of  producing  heat,  while  fulfilling  every  expectation  as  a  means  of  afford- 
ing light  and  power.  Heat  generated  by  electric  resistance  cttn  never 
be  a  successful  competitor  of  gas  where  the  materials  from  which  gas  is 
derived  are  readily  obtainable.  And  it  is  conceded  that  the  cost  of 
transporting  coal  and  oil  from  which  gas  is  made,  to  the  point  of  manu- 
facture, is  materially  less,  per  unit  of  heat,  than  the  cost  of  conducting 
electric  energy  to  the  point  of  its  conversion  into  heat.  The  use  of 
electricity  for  heating,  therefore,  becomes  at  once  an  economic  waste  of 
material  and  man-power.  The  same  truth  would  apply  to  lighting,  ex- 
cept for  the  diversified  uses  of  electric  energy,  its  adaptability,  and  the 
freedom  from  personal  care  that  is  necessary  in  the  use  of  gas  and  oil. 

The  lack  of  a  good  quality  of  bituminous  coal  in  California  renders 
its  use  as  a  competitor  of  oil  or  gas  at  once  out  of  consideration.  When 
we  consider  the  enormous  labor  required  in  the  mining,  transportation, 
distribution,  and  consumption  of  coal,  and  the  low  efficiency  in  its  appli- 


ifl  by  Google 


xviii  MoNTHLT  Bdij^etin  No.  144,  Decbubbb,  1918 

cation  for  the  production  of  heat,  we  can  safely  confine  this  disciiBsion 
to  the  relative  merits  of  oil  and  gas,  oil  of  itself  and  oil  transformed 
into  artificial  gas  by  the  modem  process  which  is  essentially  Calif  omian 
in  character. 

Id  the  modem  process  of  gas  manufacture  from  cmde  oU,  it  isaafe 
to  estimate  that  not  more  than  7  gal.  of  oil  is  used  for  all  purposes  in 
the  production  of  1000  cu.  ft.  of  gas,  having  a  thermal  value  of  550 
B.t.u.  per  cu.  ft.  This  gives  550,000  B.t.u.  in  1000  cu.  ft.,  70  per  cent, 
of  which  is  applied  to  effective  work  in  modem  domestic  appliances, 
and  more  when  used  in  large  industrial  installations.  The  distribution 
of  gas  requires  no  transportation  or  man-power  nor  are  these  entailed 
in  the  disposal  of  residuals  or  byproducts.  It  is  available  to  the  smallest 
consumer  as  well  as  the  hirgest,  and  is  today  a  most  important  factor 
in  war  work. 

Fuel  Saving  in  Bnglaad 

Capt.  Robebt  W,  a.  Brewer. — The  exacting  demands  which  the 
war  has  made  upon  facihties  for  transportation  to  England  from  abroad, 
and  in  that  country  itself,  have  led  to  the  utilization  of  home  produced 
fuels  in  a  more  economical  manner  than  previously,  and  have  in  some 
instances  caused  the  substitution  of  coal  products  for  oil  and  its  products. 
It  must  be  borne  in  mind  that  the  production  of  oil  in  the  United  King- 
dom is  almost  negligible,  and  that  such  oil  as  is  produced  is  from  the 
shale  in  the  southern  parts  of  Scotland. 

Attention  was  immediately  turned  to  an  increase  of  the  supply  of 
oils  from  coal,  a  matter  which  had  come  to  the  public  notice  only  a  few 
years  before  the  war.  The  recovery  of  tar  had  been  carried  out  in  a 
somewhat  haphazard  way  and  the  distillation  of  benzol  was  conducted 
commercially  only  in  a  few  of  the  largest  gas  works.  The  major  portion 
of  this  benaol  was  exported  to  France  and  Germany.  In  the  former 
country  it  was  largely  used  for  the  propulsion  of  publie-service  vehicles 
in  Paris.  Germany,  as  we  all  know  now,  was  extracting  various  sub- 
stances necessary  for  the  production  of  high  explosives  from  the  by- 
products of  coal  purchased  in  England.  In  the  time  immediately  before 
the  war,  one  or  two  houses  in  England  marketed  benzol  for  automobile 
purposes  in  a  commercial  way,  obtaining  a  price  about  equal  to  that  of 
gasoUne,  but  the  total  volume  of  the  business  was  very  small. 

The  demands  of  the  war  for  benzol  and  toluol  were  met  by  the 
cooperation  of  all  the  principal  gas  producers  at  the  request  of  the 
Government,  who,  at  their  own  expense,  installed  the  Carpenter  system 
for  the  recovery  of  these  distillates  from  the  tar.  By  the  consent  of  the 
British  Government,  permission  was  given  to  strip  the  gas  in  order  to 
fulfill  the  requirements  for  explosive  materials  and  this  does  not  appear 
to  have  affected  the  general  situation,  as  in  the  extreme  cases  a  further 
enrichment  of  the  gas  has  been  resorted  to.  The  consumption  of  gas 
in  place  of  coal  has  resulted  in  lai^  economies  and  the  figures  reached, 
particularly  for  the  arts,  have  been  so  large  that  the  final  cost  of  gaa 
to  the  consumer  has  been  reduced. 

The  demands  for  TNT  warranted  the  British  Government  in  erecting 
a  factory  at  a  cost  of  £1,500,000,  which  has  provided  sufficient  capacity 
for  producing  this  explosive  at  a  cost  of  17  c.  per  pound,  whereas  the 
market  price  was  42  c.  per  pound.    In  other  words,  this  factory  has 
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been  able  to  produce  at  a  coat  of  £3,500,000  a  quantity  of  TNT  wbich 
would  otherwise  have  coat  £7,000,000.  On  the  other  hand,  there  is  the 
question  of  freight,  and  when  this  was  most  acute,  it  was  reckoned  that 
by  purchasing  explosives  in  America,  a  saving  was  made  equal  to  four 
times  the  freight  of  the  raw  material. 

All  the  gasoline  and  petroleum  products  going  to  England  are  im- 
ported from  the  East  Indies,  Borneo  and  Sumatra,  and  from  the  United 
States,  Roumanian  oil  principally  going  to  France  and  Germany  before 
the  war.  A  few  months  ago  France  was  taking  gasoline  to  the  extent 
of  4,000,000  ^.  per  month;  Salonica,  1,500,000  gal.;  England,  1,000,000 
gal.;  and  various  smaller  quantities  to  other  seats  of  operati(^s.  The 
use  of  pleasure  automobiles  burning  gasoline  has  been  practically  pro- 
hibited in  England  for  a  long  time,  and  at  one  time  attempts  were  made 
to  run  commercial  vehicles  and  other  smaller  machines  on  coal  gas,  but 
changes  in  legislation  from  time  to  time  appear  to  have  affected  the 
operation  of  this  scheme.  A  prize  of  $5000  was  offered  about  one  year 
ago  by  the  English  Automobile  Association  for  the  most  suitable  method 
of  utihzing  coal  gas  on  an  automobile,  but  the  writer  believes  that  this 
offer  has  been  withdrawn. 

The  success  of  gas  as  a  fuel  needs  no  question,  and  for  the  operation 
of  busses  has  many  points  in  its  favor.  Factories  building  engines  for 
aircraft  and  automobiles  have  used  gas  very  extensively  for  a  long  time 
for  running  these  engines  in  the  shops,  and  have  effected  a  large  saving 
thereby. 

That  the  question  of  using  city  gas  for  the  propulsion  of  vehicles  in 
England  is  still  receiving  attention  is  shown  by  the  fact  that  last  month 
a  London  bus  chassis  was  shown  at  an  exposition  fitted  up  with  the  nec- 
essary appliances  for  using  gas,  and,  in  the  absence  of  detail,  it  must  be 
assumed  that  an  improved  form  of  container  is  now  being  fitted  to  the 
chassis.  Previously,  gas  was  contained  in  collapsible  bags  on  the  roof 
of  the  bus,  this  system  being  very  suitable  for  replenishment  from  point 
to  point  en  route.  As  the  cost  of  gasoline  in  England  is  about  90  c. 
per  gal.,  a  considerable  saving  of  cost  is  effected  when  it  is  realized  that 
at  the  prevailing  price  of  gas  m  London,  the  equivalent  amounts  to  20  c. 
per  gal.  of  liquid  fuel.  It  can  further  be  shown  that  the  substitution  of 
city  gas  at  50  c.  per  1000  cu.  ft.  will  effect  a  saving  over  petroleum  dis- 
tillate, at  10  c.  per  gal.,  not  only  when  careful  comparative  consumption 
tests  are  made  with  the  two  fuels,  when  used  in  a  factory,  but  also  from 
the  point  of  view  of  wastage  and  completeness  of  combustion;  and  even 
when  the  different  costs  of  the  fuels  did  not  show  a  direct  saving  in 
careful  test,  the  advantages  of  using  gaseous  fuel  are  so  apparent  that 
its  adoption  is  fully  justified. 

Gas  is  also  used  to  a  very  large  extent  and  its  use  is  increasing  for 
furnace  work,  particularly  muffle  furnaces;  and  it  has  advantages,  par- 
ticularly for  heating  melting  pots,  and  all  similar  purposes  where  an 
even  temperature  is  required. 

As  to  the  coal  industry,  the  cost  is  largely  accounted  for  by  trans- 
portation, and  it  became  necessary  not  long  ago  for  the  Government  to 
divide  up  the  country  into  sections  so  that  the  consumption  of  fuel 
should  take  place  as  near  as  possible  to  the  point  of  production.  Where 
this  did  not  balance  out,  surplus  fuel,  for  example,  was  to  be  delivered 
into  the  nearest  or  most  accessible  district. 

In  conclusion,  it  may  be  stated  that  an  important  factor  in  the  saving 
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of  cost  of  fuel  in  EnglaDd  has  beeo  a  remodeling  of  the  method  of  han- 
dUng;  and  in  addition  to  the  revised  method  of  distributing  coal,  Uquid 
fuel  was  recently  transferred  in  bulk  to  France  and  put  up  in  2-gal. 
containeiB  in  a  special  factory  in  that  country,  thus  saving  the  handling 
of  the  packages  from  England  to  France,  which  required  several  ships. 

Other  Papers 

In  addition  to  the  foregoing  papers,  the  following  interesting  contri- 
butions were  presented,  but  as  their  substance  relates  more  to  electrical 
and  mechanical  engineering  than  to  mining  or  metallurgy,  we  consider 
it  possible  to  omit  them: 

The  Relation  of  the  Chemist  to  the  Conservation  of  Fuel.  By  Prof. 
Edmund  O'Neil. 

Sources  of  Energy  Supply.     By  E.  M.  Downing. 

Electric  Consohdations  and  Their  Relations  to  Fuel  Conservation. 
By  H.  G.  Buckner. 

Fuel  Conservation  Through  Priority  R^ulations.  By  Major  George 
F.;  Sever. 

Raiboad  Electrification  as  a  Fuel  Conservation  Measure.  By  W.  J. 
Davis. 

District  Steam  Heating  as  Related  to  Fuel  Conservation.  By  Harry 
S.  Markey. 

These  papers  will  probably  be  abstracted  in  the  February  JourruU  of 
the  American  Society  of  Mechanical  Engineers. 

AMBROSE  SWASEY'S  SECOIfD  GIFT  TO  ENGINEERING 
FOUNDATION 

Said  Plutarch  a  long  time  ago,  "To  appreciate  a  man's  work  at  the 
full,  it  is  well  to  know  the  man  himself,  his  circumstances  and  the  incidents 
of  his  career."     He  might  as  truly  have  said   "gift"  instead  of  "work." 

Ambrose  Swasey,  engineer,  collaborater  with  scientists,  promoter  of 
engineering  research,  patron  of  Engineering  Foundation,  advancer  of 
the  good  of  mankind,  modest  gentleman  and  generous  giver,  is,  happily, 
well  known  to  a  great  many  engineers,  who  will  therefore  more  fully 
appreciate  his  recent  additional  gift,  for  the  use  of  the  Engineering  Foun- 
dation, which  purpose  is  "the  furtherance  of  research  in  science  and 
engineering,  and  the  advancement  of  the  profession  of  engineering  and 
the  good  of  mankind," 

But  full  appreciation  of  a  gift  of  money  necessitat-es  more,  than 
acquaintance  with  the  giver  and  knowledge  of  the  amount.  Its  timeli- 
ness; its  inspiration;  the  character  and  continuity  of  its  benefits,  all  must 
be  comprehended.  But  whose  imagination,  though  far-visioned  as  the 
great  telescopes  Mr.  Swasey  has  built,  can  see  the  limits  of  benefit  of 
such  gifts  as  he  has  made  to  the  Engineering  Foundation,  attracting — 
as  they  will— other  gifts  and  evidences  of  devotion  to  a  great  cause? 
Every  such  gift  lays  responsibilities  upon  the  recipients.  Will  American 
engineers  grasp  not  merely  their  pecuniary  value  but  also  emulate  the 
spirit  of  fraternity  and  desire  for  harmony  which  have  accompanied  them? 
Shall  we  not  work  together  and  with  Ambrose  Swasey  to  advance  stili 
further  the  good  of  mankind,  thus  to  demonstrate  an  acceptance  of  our 
obligations  to  humanity  which  is  a  counterpart  in  a  democracy  of  the 
noblesae  oblige  of  aristocratic  tradition? 
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Timeliness  is  a  wonderful  feature  of  Mr.  Swasey's  gifts.  The  first 
was  made  in  the  early  st^es  of  the  present  stru^le  of  the  nobler  elements 
of  the  world  against  the  ignoble,  which  has  come  to  be  "the  people's  war." 
It  enabled  Engineering  Foundation  to  join  with  the  National  Academy 
of  Sciences  in  responding  to  the  President's  request  to  bring  into  coop- 
eration Governmental,  educational,  industrial,  and  other  research  agen- 
cies in  the  interest  of  the  national  defense  and  scientific  and  industrial 
research,  by  establishing  the  National  Research  Council,  This  council 
of  scientists  and  engineers  has  already  a  fine  record  of  achievement. 


AUBROSE    SWASET. 

To  his  first  large  gift,  the  principal  of  which  is  still  intact,  Mr.  Swasey 
has  now  added  generously  ($200,000)  at  another  psychological  moment. 
As  the  great  conflict  seems  nearer  an  end,  there  hes  immediately  before 
humanity  a  great  era  of  physical  reconstruction,  and,  vastly  more,  an  era 
of  spiritual  advancement  and  elevation  such  as  has  never  yet  been  experi- 
enced. Many  of  the  problems  of  human  relationships,  of  justice  and 
of  mercy,  await  the  genius  of  the  engineer  for  their  solution,  quite  as 
much  as  do  the  tasks  of  construction  and  the  development  of  physical 
resources.  Let  us  go  forward  with  Ambrose  Swasey  into  the  fields 
of  opportunity.  Let  differences  be  put  Aside  and  a  united,  mighty  effort 
be  exerted  for  the  advancement  of  the  Engineering  Profession  and  of 
mankind.  Alfbed  D.  Flinn,  Secretary, 

United  Engineering  Society  and 
Engineering  Foundation.      , 
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APPEAL  FOR  CHIU>R£N  OF  FRENCH  ENGINEERS  KILLED 
m  THE  WAR 

Those  familiar  with  the  war  in  France  at  first  hand  know  that  in  these 
last  two  years  the  weight  of  the  suffering  has  fallen  upon  the  families  of 
the  well-to-do  classes;  those  who  before  the  war  lived  in  comparative 
ease  and  comfort,  with  every  prospect  of  educating  their  children  as 
their  parents  and  grandparents  had  been.  Thousands  of  the  men  in 
these  families  have  been  killed,  "ofiBciers  d'^lite, "  and  the  small  pensions 
accorded  the  widows  permit  them  only  to  house  and  feed  their  children 


Hblbne  Journeb. 

and  give  them  a  common-school  education.  The  pension  for  a  lieuten- 
ant's widow  is  (245  a  year;  for  a  captain's,  S345;  for  a  colonel's  $575; 
and  so  on.  At  present,  it  requires  three  francs  a  day  to  provide  food  for 
one  person  in  cities,  and  conditions  are  not  improving. 

The  American  Ouvroir  Funds,  681  Fifth  Ave.,  New  York  City,  has 
tried  for  nearly  two  years  to  have  individual  Americans  give  individual 
children  a  "bourse,"  or  purse,  as  it  is  called,  of  from  $150  to  $250  a  year, 
80  that  they  may  enter  such  educational  institutions  as  the  Lyc^ea,  the 
Polytechnique,  Beaux  Arts,  St.  Cyr,  etc.  The  war  relief  societies  of  these 
military  schools  furnish  photographs  and  histories  of  children  under  their 
care  and  on  their  lists. 
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In  about  eighteen  months  the  American  Ouvroir  funds  has  sent 
to  France  over  $600,000  in  "adoptions,"  so  called,  frona  individual 
Americans,  without  any  press  publicity  or  propaganda  whatever.  The 
orphans  of  the  St.  Cyr  officers  were  first  assisted  and  afterward  those  of 
the  other  military  schools. 

In  the  Spring  of  1917,  General  Vignal,  Military  Attach*  at  the  French 
Embassy  at  Washington,  suggested  that  the  Funds  should  also  try  to 
help  the  orphans  of  the  great  French  school  for  engineers,  the  Anciens 
E16ves  de  I'Ecole  Polytechnique,  whose  famihes  as  a  rule  were  poorer 
in  income  than  many  of  the  others,  these  famiUes  having  been  dependent 
solely  upon  the  intellectual  earnings  of  the  father  to  support  the  family 
before  his  death.  Therefore,  they  were  often  placed  in  an  even  more 
impecunious  position  than  others.  Arrangements  were  later  made  with 
the  Soci(5t^  Amicale  de  I'Ecole  Polytechnique  for  the  Funds  to  be  its  sole 
representative  in  America  for  these  Tnarrainages,  or  adoptions.  As  now 
it  is  much  harder  to  obtain  substantial  help  for  children  than  it  was  a 
year  ago,  before  the  war  had  come  so  close  home  to  ourselves,  the  Funds 
turns  to  the  engineers  of  America  for  help  for  these  particular 
orphans.  One  of  these  children  is  H^l^ne  JournSs,  who  is  here  shown. 
She  was  bom  June  25,  1912,  and  is  the  youngest  child  of  Fernand  Henri 
Journ^s,  a  Captain  in  the  Engineers,  who  died  of  wounds  April,  1915,  at 
Beaus^jour  (Marne).  His  citation  in  the  army  orders  said  that  he  was 
constantly  seeking  the  most  dangerous  missions  and  directed  in  person 
the  mining  operations,  going  under  a  German  trench  to  encourage  the 
men  at  work  and  to  listen  at  the  end  of  the  gallery  to  the  subterranean 
noises  coming  from  the  enemies  working.  He  left  a  widow  and  three 
children,  Charles,  bom  in  1909,  Pierre,  born  in  1911,  and  HfSlfene. 

In  a  recent  letter,  Col.  Stephen  Sewell,  17th  Engineers  Railway, 
A.  E.  F.,  France,  says  "There  are  many  families  in  France  impoverished 
by  the  war  in  which  the  children  stand  httle  chance  of  being  educated 
and  trained  for  the  station  in  life  for  which  they  are  fitted  by  birth 
and  breeding.  I  grew  up  in  the  South  after  our  Civil  War  and  knew 
many  famihes  in  which  one  generation  had  to  go  through  a  gruelling 
struggle  with  deterioration  of  individuals  who,  had  they  been  educated, 
would  have  held  themselves  on  a  higher  plane.  There  is  a  field  where 
any  amount  of  money,  great  or  small,  could  be  expended  to  advantage 
in  helping  France  to  maintain  the  natural  leadership  of  the  race." 

A  widow  whose  children  have  been  helped  writes,  "In  this  atrocious 
war  the  widows  have  known  all  the  moral  tortures  of  the  mind  and  soul 
which  human  beings  can  suffer." 

Members  of  the  Institute  who  can  aid  in  the  educating  of  children 
of  the  French  engineers  who  so  freely  gave  their  hves  for  us  are  urged 
to  communicate  directly  with  the  American  Ouvroir  Funds,  681  Fifth 
Ave.,  New  York  City. 

WOMAN'S  AUXILIARY 
CBRTRAL  EHBRGEITCT  COHHITTBE 

Chairman,  Mas.  H.  N.  Spicer 
As  no  further  requisition  will  be  made  for  knitted  garments  for  the 
boys  of  the  27tb  Engineers,  all  completed  garments  and  wool  have  been 
collected  and  retumed  to  Mr.  W.  R.  Ingalls,  and  the  activities  of  the 
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Emei^ency  Committee  have  ceased.  Columbia  Section  of  the  A.  I. 
M.  E.,  Spokane,  Wash.,  Mrs,  F.  Kefl[er,  Chairman,  donated  20  pairs 
of  socks  and  2  sweaters. 

CEH'ntAL  FOREIGR  WAR  RELIEF  COHMITIEE 
Chairman,  Mrs.  H.  H.  Knox 

Sufficient  funds  have  been  received  and  transmitted  to  the  American 
Fund  for  French  Wounded  to  maintain  one  dispensary  for  women  an4 
children  in  the  war  zone  of  France,  and  $1400  is  on  hand  for  the  estab- 
lishment of  a  second. 

At  the  October  meeting  the  Secretary  was  instructed  to  send  a  letter 
to  Mrs.  H.  H.  Knox,  who  has  been  compelled,  by  illness,  to  resign 
her  office  of  chairman,  conveying  the  sympathies  of  the  members  in  her 
illness;  also  a  letter  to  Mrs.  Pauline  Sands  Lee  thanking  her  for  her 
services  as  speaker  at  the  various  meetings  held  to  raise  funds  for 
the  dispensaries. 

The  Committee  proposes  an  Engineers'  afternoon,  once  a  week,  at  the 
headquarters  of  the  A.  F.  F.  W.,  73  Park  Avenue,  where  women  whose 
interests  are  with  the  mining  profession  might  join  in  sewing  for  the  dis- 
pensary, provided  a  sufficient  number  of  workers  can  be  pledged.  The 
result  of  this  campaign  will  be  reported  next  month. 


HOUSING  OF  LABOR  AND  SANITATION  AT  MINES  IN  INDIA* 
The  housing  of  labor  and  sanitation  at  mines  in  India  are  difficult 
problems  to  solve  because  no  more  than  two  or  three  castes  will  accept 
the  same  conditions,  and  conditions  suitable  to  one  coal  Seld  are  not 
applicable  to  other  fields.  It  is  also  necessary  to  consider  the  financial 
standing  of  the  different  companies.  The  European  companies,  which 
pay  30  per  cent,  and  more  dividends,  can  erect  more  suitable  houses  than 
the  Indian  companies,  which  are  just  able  to  keep  their  heads  above 
water. 

The  Santhal  will  not  live  in  a  bucca<roofed  house  as  a  permanent  dn'ell- 
ing,  and  both  the  Santhal  and  Koras  have  an  aversion  to  hving  in  a  line 
of  attached  huts.  They  have  forsaken  a  whole  line  of  houses  in  one  of 
which  a  case  of  sickness  or  death  has  occurred,  and  those  houses  were 
afterward  considered  unfit  by  all  other  classes  of  natives.  The  Santhals, 
Koras,  and  Douri  castes  will  not  take  drinking  water  from  a  stand  pipe; 
wells  must  be  furnished.  When  well  water  ia  not  available,  these  people 
will  take  water  from  the  nearest  pool  or  tank  regardless  of  whether  or 
not  the  water  is  stagnant.  The  well  tops  should  not  be  completely  en- 
closed, nor  should  there  be  a'  drain  around  the  top.  The  ground  should 
slope  away  from  the  well. 

In  the  Oirieib  coal  fields,  the  miners  have  a  great  objection  to  pucca 
floors;  they  prefer  earth  which  is  lapped,  easily  cleaned,  and  renewed. 
As  it  is  customary  for  the  miner  to  build  his  own  house,  the  company 
supplying  the  roofing  material,  he  takes  a  special  interest  in  it,  keeps  it 
in  order,  and  hesitates  to  leave  it.  Each  house  is  surrounded  by  its  own 
bit  of  land,  which  the  inmate  cultivates. 

*  Abstract  from  Trans.,  Mining  and  Geological  Institute  of  India,  April,  1918. 
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PRODUCTION  OF  IRON  ORE  AND  PIG  IRON  IN  1917 

Statistics  compiled  by  the  United  States  Geolt^ical  Survey  shew  that 
the  iron  ore  mined  in  the  United  States  in  1917  reached  a  total  of  75,288,- 
851  groaa  tona,  exceeding  the  former  record  output  of  1916  by  121,179 
tonB.  The  shipments  from  the  mines  in  1917  were  75, 573,181  gross  tons, 
valued  at  $238,260,333,  a  decrease  in  quantity  of  2,297,372  tons,  or 
2.95  per  cent.,  and  an  increase  in  value  of  $56,358,056,  or  30.98  per  cent., 
over  the  shipments  in  1916.  The  average  value  per  ton  at  the  mines  for  all 
grades  of  ore  in  1917  was  $3.15  as  against  S2.34  in  1916.  Stocks  of  iron 
ore  at  mines,  mainly  in  Minnesota  and  Michigan,  amounted  at  the  close 
of  1917  to  10,628,908  gross  tons,  compared  with  10,876,352  gross  tons 
in  1916. 

The  quantity  of  pig  iron,  exclusive  of  ferro-alloys,  sold  or  used  in 
1917,  according  to  reports  of  producers  to  the  United  States  Geological 
Survey,  amounted  to  38,612,646  gross  tons,  valued  at  $1,063,785,975, 
compared  with  39,126,324  gross  tons,  valued  at  $663,478,118  in  1916, 
a  decrease  of  1.32  per  cent,  in  quantity  and  an  increase  of  59  per  cent,  in 
value.  The  average  price  per  ton  at  furnaces  in  1917,  as  reported  to  the 
Survey,  was  $27.29,  compared  with  $16.96  in  1916,  an  increase  of  61  per 
cent.  The  production  of  pig  iron,  including  ferro-alloys,  was  38,647,397 
gross  tona  in  1917,  compared  with  39,434,797  gross  tons  in  1916,  a  de- 
crease of  4.5  per  cent.,  according  to  figures  published  by  the  American  Iron 
and  Steel  Institute,  March  18,  1918. 


CONSULS  NEEDED  FOR  OUR  MERCHANT  MARINE 
Our  merchant  marine  is  rapidly  outgrowing  our  consular  service, 
according  to  Edward  N.  Hurley,  Chairman  of  the  United  States  Shipping 
Board,  who  urges  that  steps  be  taken  immediately  to  provide  facilities 
abroad  for  handling  the  millions  of  tons  of  shipping  which  will  be  aHoat 
under  the  American  flag  in  peaceful  trade  when  the  war  is  over.  When 
peace  is  restored  and  our  present  tonnage  is  scattered  over  world  trade 
routes,  the  consular  service  will  be  inadequate  to  handle  our  ships.  Be- 
sides, it  will  have  to  work  against  the  handicaps  of  obsolete  shipping 
regulations  and,  in  many  cases,  lack  of  experience.  There  are  nearly  100 
pages  in  the  United  States  consular  regulations  dealing  with  shipping 
matters.  Many  of  these  regulations  are  based  on  old  treaties  and 
many  of  them  are  obsolete.  There  are  also  differences  between  treaties 
with  various  countries.  Our  consuls  often  lack  authority  to  handle 
matters  involving  the  interests  of  our  sailors  and  shipowners.  Before  we 
can  operate  a  modern  merchant  marine  we  must  revise,  standardize, 
and  simpUfy  this  whole  mass  of  regulations  and  bring  them  up  to  the 
eflSciency  of  other  nations'  practice. 


GOVERNMENT  CONTROL  OF  MINERALS 
Congress  has  authorized  the  President  to  control  the  supply  and 
distribution  of  the  following:  Antimony,  arsenic,  ball  clay,  bismuth, 
bromine,  cerium,  chalk,  chromium,  cobalt,  corundum,  emery,  fluorspar, 
ferrosilicon,  fullers'  earth,  graphite,  grinding  pebbles,  iridium,  kaolin, 
magnesite,  manganese,  mercury,  mica,  molybdenum,  osmium,  sodium, 
platinum,  palladium,  paper  clay,  phosphorus,  potassium,  pyrites,  radium, 
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Bulphtir,  thorium,  tin,  titaoium,  tungsten,  uranium,  vanadium,  and  zir- 
conium. It  appropriated  fifty  thousand  dollars  toward  the  expense 
of  the  organization  necessary  to  carry  out  its  provision,  and  fifty  mil- 
lion dollars  as  a  revolving  fund.  This  control  terminates  two  years  after 
the  end  of  the  war. 


RAILROAD  CCT-OFF  SPEEDS  UP  TRANSPORT  TO  FRONT 

By  completing  a  double-track  railroad  cut-off,  involving  a  large  vol- 
ume of  cut  and  fill,  in  addition  to  a  half-mile  bridge  spanning  an  impor- 
tant French  river,  engineers  in  the  zone  of  the  Services  of  Supply  have 
opened  up  a  route  by  means  of  which  hours  of  valuable  time  are  being 
saved  in  transporting  men  and  materials  to  combat  areas.  Its  moat 
valuable  feature  is  that  it  provides  a  means  for  by-passing  a  certain  city 
where  several  French  railroad  lines  converge  and  where,  consequently, 
coi^estion  of  traffic  has  been  responsible  f-ji  delayed  train  movements. 
To  avoid  a  double-track  turnout,  which  would  have  involved  a  cross-over 
cutting  one  of  the  French  tracks,  the  two  track  connections  of  the  cut-off 
are  taken  off  from  opposite  sides  of  the  French  right-of-way.  This 
involved  running  one  of  the  new  Unes  of  the  cut-off  out  from  the  main  line 
track  on  a  fill  to  a  point  where  it  could  be  brought  back  and  over  the 
French  track  on  a  steel  girder  bridge.  Beyond  this  bridge  the  two  tracks 
of  the  cut-o£F  converge  and  straighten  out  in  the  standard  type  of  double- 
track  construction. 

The  new  cut-off  is  about  5^  mi.  (9  km.)  long  and  has  required 
160,000  cu.  yd.  of  cut  (122,329  cu.  m.)  and  414,000  cu.  yd.  (316,527  cu. 
m.)  of  fill.  In  the  biggest  continuous  fill  a  yardage  of  180,000  has  been 
placed,  the  road-bed  in  this  section  being  about  40  ft.  (12  m.)  above  the 
original  ground  surface.  The  bridge  portion  of  the  cut-off,  2190  ft. 
(667.5  in.)  long,  is  made  up  of  ninety-nine  14-ft.  (4.3  m.)  timber  spans 
and  sixteen  50-ft.  (15.3  m.)  steel  girder  spans.  This  is  the  longest  bridge 
which  engineers  of  the  American  Expeditionary  Forces  have  built  in  France. 
The  timber  spans  are  supported  by  pile  trestle  bents,  while  the  longer 
steel  girders  rest  on  clusters  of  43  piles.  Two  pile  drivers  of  the  steam- 
hammer  type  worked  from  each  end  of  the  bridge  toward  the  center  of 
the  river,  while  a  drop  hammer  worked  westward  from  the  shore  end. 
In  this  structure  nearly  two  thousand  piles  50  ft.  or  so  in  length  had  to 
be  driven. 

DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on  the 
battlefield  in  1915. 

Ballamy,  John  H.,  Capt.,  103d  Engineers,  killed  in  action  near  Fismes, 
Aug.  9,  1918. 

Bowles,  Martin  F.,  2d  Lieut.,  Co.  B,  355th  Infantry,  killed  in  action, 
Sept.  3,  1918. 

Burt,  Andrew,  died  in  active  service,  1916. 

Cobeldick,  William  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  Oct.  7,  1915. 
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Dougall,  Ridph,  4th  University  Co.,  PriDceea  Patricia  K^iment, 
killed  in  action  early  in  the  war. 

Evans,  Alfred  Winter,  Lieut.-Col.,  Kew  Zealand  Rifle  Brigade,  D. 
S.  0.,  D.  C.  M.,  killed  in  action  on  Oct.  12,  1917. 

Gordy,  Sheppard  B.,  died  in  service,  Oct.  9,  1918. 

Gorman,  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918. 

Hague,  William,  lat  IJeut.,  Engineer  Officers'  Keserve  Corps,  died  in 
active  service,  Jan.  1,  1918. 

Hall,  Willlan  T.,  Capt.,  Royal  Fljring  Corps,  killed  in  action,  May 
19,  1917. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  died  from  accident  at 
Forti  Sill,  Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active  service  in  France. 

Perry,  Edward  H.,  1st  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary  Forces,  France,  killed  in  action  on  March  30,  1918. 

Pretymon,  Frank  Remington,  2d  Lieut.,  Royal  Ei^neers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Engineers,  B.  E.  F.,  232d  Army  Troops 
Co.,  killed  in  action. 

Ringlund,  Soren,  Medical  Department,  Fort  Logan,  Colo.,  died  sud- 
denly in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  England  on  May  25,  1918. 


NEWS  FROM  MEMBERS  IN  SERVICE 

Thomas  H.  Beddall,  so  we  are  informed  by  Major  J.  B.  Carlock,  has 
been  promoted  and  is  now  Adjutant  of  the  1st  Battalion,  ist  Gas  Regi- 
ment.    He  was  awarded,  last  summer,  the  Croix  de  Guerre. 

R.  A.  Bull.     See  letter  in  Proceedings  of  Milwaukee  Meeting. 

Captain  Stanley  C.  Bullock's  record  since  entering  the  service  is 
given  as  follows  in  a  letter  recently  received  from  Mrs.  Bullock: 

Rescued  position  of  mine  manager  in  Chile  in  November,  1915, 
to  return  to  England  to  obtain  commission  in  Royal  Engineers. 

Joined  Officers'  Training  Corps,  Dec.  20,  1915. 

Coromission  gazetted,  Jan.  27,  1916,  2d  Lieut.,  R,  E. 

Landed  in  France,  Feb.  6,  1916.  Posted  to  179th  Tunnelling  Co., 
R.  E.  Took  part  in  following  battles:  Somme,  1916;  Ypres,  1917;  Arras, 
1917;  Somme,  March  and  July,  1917;  Messines,  1917. 

Gazetted:  Acting  Captain,  July  11,  1916;  Temp.-Lieutenant,  Oct. 
26,  1916;  Captain,  Sept.  29,  1918.     - 

Awarded  Military  Cross,  Jan.  1,  1918,  for  conspicuous  bravery  and 
devotion  to  duty  under  a  heavy  enemy  gas  bombardment,  when,  by  his 
example  and  perseverance  in  spite  of  every  difficulty  and  obstacle,  min- 
ing work  was  successfully  completed  which  was  vital  for  the  success  of 
the  operations.  The  Cross  was  presented  to  Capt.  Bullock  by  the  King, 
on  Sept.  25,  1918. 

first  Lieut  J.  J.  Cadot,  in  a  letter  sent  to  Mr.  H.  W.  Hardinge  from 
France,  says  he  has  been  at  the  "Front."  He  also  mentions  that  the 
Boohe  "is  a  good  sprititer," 
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J.  B.  Carlock  haa  been  commissioned  a  Ma,]or  of  the  2d  Battalion, 
1st  Gas  Regiment,  and  has  been  awarded  the  Croix  de  Guerre. 

Harlowe  Hardinge,  in  a  letter  to  his  father,  says  that  he  has  been 
advanced  from  Igt  Lieutenant  to  Captain,  in  the  Signal  Corps.  During 
the  course  of  his  work  as  a  Radio  Signal  Officer,  he  was  sent  to  England, 
and  upon  his  return  to  France,  was  made  director  of  his  particular 
division. 

Second  Lieut.  William  J.  Hill,  in  a  very  interesting  letter,  gives  us 
the  following  information: 

At  the  present  writing,  I  am  assigned  and  attached  for  duty  with  the 
Field  Artillery  Central  Officers'  Training  School  at  Louisville,  Ky.,  as  an 
instructor  in  Field  Artillery  of  Officers  in  the  Making.  In  the  firat  place, 
the  Candidates,  as  the  students  are  called,  come  from  different  branches  of 
the  service  and  from  all  walks  of  life.  In  few  words,  this  school  is  one 
great  big  melting  pot,  including  among  its  students  some  well-known 
big  men  of  the  country. 

Upon  entering  the  school,  the  candidate  is  placed  in  what  is  known 
as  the  Observation  Batteries.  Here  he  gets  his  first  taste  of  discipline  if 
he  is  from  civilian  Hfe;  and  a  taste  such  as  he  never  reahzed  before  if  he  is 
from  some  arm  of  the  service.  He  is  disciplined  from  morning  until  he 
goes  to  bed  at  night.  Besides  the  discipline,  he  is  taught  military  cour- 
tesy, dismounted  drill,  mathematics,  and  given  plenty  of  exercise  to  fit 
him  physically  for  the  more  strenuous  training  he  will  receive  when  trans- 
ferred to  a  training  battery.  While  in  the  observation  battery,  the  man 
is  sized  up  by  capable  officers  as  to  his  abihty  to  make  a  good  field  ar- 
tillery officer.  As  soon  as  he  shows  he  is  right,  he  is  sent  to  the  training 
battery;  and  he  is  given  one  month,  if  need  be,  to  show  that  be  has  the 
necessary  requisites. 

The  course  in  the  training  batteries  requires  twelve  weeks  to  complete, 
and  during  this  time  men  work  as  they  never  worked  before  in  their  hves. 
Immediately  the  work  consists  of  field  artillery,  and  for  five  days  a  week 
the  candidate  gets  up  at  Reveille  at  5:30  A.  M.  and  attends  classes  and 
drills  until  Recall  at  4:30  P.M.,  having  one  hour  at  noon  for  dinner.  The 
other  work  of  the  day  consists  of  two  hours  study  in  the  evening  from 
7:00  to  9:00  P.M.  To  give  you  some  idea  of  the  large  curriculum  of 
subjects  to  be  covered,  I  shall  mention  some  of  them:  Administration, 
Anti-gas,  Care  and  Training  of  Horses,  Driving  and  Riding,  Communica- 
tion, Conduct  of  Fire,  Gunnery,  Fire  Discipline,  Material,  Motors  and 
Tractors,  Reconnaissance,  Topography  and  Artillery  Boards,  and 
Physical  Training.  Certain  hours  each  day  are  spent  on  the  different 
subjects,  and  assignments  each  night  for  study  cover  the  lessons  for  the 
following  day.  Then  as  Saturday  comes  around,  there  are  examinations 
on  the  different  subjects  covered  during  the  week. 

From  Saturday  noon  until  Sunday  evening,  the  candidate  is  on  his 
own  unless  be  happens  to  be  one  of  the  luckless  men  who  are  put  on  guard 
duty  or  some  fatigue  party.  But  even  though  the  men  are  allowed  their 
week  ends  in  Louisville,  they  are  under  the  constant  vigilance  of  their 
instructors.  In  order  to  keep  them  alert  and  on  their  toes  continually, 
each  man  is  issued  a  small  card  with  his  name  and  battery.  This  card 
is  known  as  a  Conduct  Card,  and  for  the  least  infraction  of  rules  and  regu- 
lations of  mihtary  courtesy  or  conduct  of  a  soldier  the  card  can  be 
taken  up  by  an  officer  and  the  candidate  returned  to  camp  immediately. 
The  card  is  then  turned  into  Headquarters  by  the  officer  who  took  it  up, 
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with  the  reasons  written  on  it.  The  candidate,  in  order  to  r^ain  posses- 
sion  of  his  card,  muet  explain  his  actions  before  a  board  of  officers. 

At  the  end  of  the  twelve  weeks,  the  candidates  have  a  firm  foundation 
in  the  rudiments  of  field  artillery ;  and  those  who  have  completed  their 
work  satisfactorily  are  given  their  commiasions  and  assigned  to  raiments 
all  over  the  country.  Then  their  work  begins  in  training  the  great 
armies  which  we  are  sending  to  France;  and  in  course  of  time  they  get 
their  big  chance  at  wiping  the  Hun  off  of  the  map. 

Just  a  few  words  before  closing  regarding  the  officers  who  are  instruct- 
ing in  this  great  school.  Their  day's  work  begins  with  the  candidates,  but 
you  will  find  them  busy  at  their  desks  in  their  quarters  sometime  long 
after  the  candidates  are  in  bed,  figuring  out,  how  to  explain  a  certain 
piece  of  mechanism  or  problem  in  firing  data  so  the  student  will  grasp  it 
most  easily  the  next  day.  In  truth,  their  work  is  never  completed. 
And  we  are  all  aching  for  the  chance  to  go  "Over  There"  and  there  is  a 
persistent  rumor  around  that  we  are  going  to  get  it. 

Major  W.  Waters  Van  Kess  of  the  Royal  Engineers  has  been  twice 
mentioned  in  despatches  by  the  Commander  in  Chief  for  work  during 
the  Battle  of  the  Somme  and  the  Battle  of  Pashendale  Ridge, 


ADDITIONAL  UST  OF  MEMBERS  OF  THE  INSTITUTE 
IN  MOTTARY  SERVICE 

(The  following  list  contains  the  names  of  those  membeis  of  the  Inatitut«  of  whose 
connection  with  military  servioe  we  have  only  recently  become  acquainted;  it  also 
'     '    '     "  *    '        '    '  '    '    _       _  "  irtnmrferr  *  '    ''     ■    ' 

by  a  *.     A  complete  liat  was  pu" 

the  Bviieiin  for  March,  1918.) 

Anderson',  Amil  A.,  Co.  A,  309th  Regiment  Engineers,  84th  Div., 
American  E.  F.,  Care  Postmaster,  New  York. 

Arhbtrono,  Harold  K.,  Pilot,  Naval  Aviation,  U.  S.  Naval  Air 
Station,  Miami,  Fla. 

Bassbtt,  Arthur  F.,  Co.  6,  E.  0.  T.  S.,  Camp  Humphreys,  Va. 

Bbddall,  Thomas  H.,  Adjutant,  1st  Battahoo,  1st  Gas  Regiment, 
American  E.  F. 

Bernard,  Clinton  P.,  Candidate,  12th  Observation  Battery,  F.  A. 
C.  0.  T.  S.,  Camp  Taylor,  Ky. 

Brooks,  Lionel,  50th  Co.,  13th  Battalion,  5th  Replacement  Engi- 
neers, Camp  Gordon,  Ga. 

Browning,  Edward,  Corp.,  Ist  Regiment  Engineers,  Co.  D,  Ameri- 
can E.  F. 

BnoBEB,  Edward  E.,  S.  A.  T.  C.  Headquarters,  Raleigh  N.  C. 

Buttbrfibld,  G.  Bruce,  Co.  C,  605th  Engineers,  American  E.  F. 

Cadot,  J.  J.,  Ist  Lieut.,  U.  S.  Air  Service,  American  E.  F.,  Care  Post- 
master, New  York. 

Carloce,  J.  B.,  Major,  2d  Battalion,  Ist  Gas  Regiment,  American 
E.  F.,  France. 

Carpenter,  M.  E.,  429th  Engineers,  Fort  Sill,  Okla. 

Claghokn,  C.  R.,  Lieut.,  U.  S.  Naval  Reserve  Force. 

Claohorn,  Jahes  L.,  Lieut.,  Aviation  Section,  Signal  Corps,  U.  S. 
Army,  Gerstner  Field,  La. 

Clark,  Gboroe  B.,  Capt.,  Engineers,  Camp  Funston,  Eans. 

Clarke,  Alexander  Folder,  U.  S.  Naval  Aviation  Service. 
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CoHBT,  Hahht  G.,  1st  Lieut.,  Com.  Co.  D,  109th  Supply  Train, 
American  E.  F.,  France,  via  New  York  City. 

Cbibpell,  C:  W.,  Specification  Section,  Bureau  of  Aircraft  Produc- 
tion (formerly  Signal  Corps),  Da3rton,  Ohio. 

Davt,  Williau  M.,  Ensign,  Naval  Aviation  Detachment,  Mass.  In- 
stitute of  Technology,  Cambridge,  Mass. 

DbCamp,  W.  v.,  Lieut.,  428th  Engineers,  Camp  Cody,  N.  M. 

Dick-Clkland,  A.  F.,  Major,  170th  Co.,  Royal  Engineers,  British 
E.  F. 

Erdoft,  Maxwell  E.,  2d  Lieut.,  602d  Engineers,  Co.  C,  American 
E.  F. 

Gahbison,  Murray  R,  Flying  Cadet,  5th  Cadet  Squadron,  Elling- 
ton Field,  Houston,  Tex. 

Gauthibr,  Charles  B.,  United  States  Military  Service. 

GoODALB,  Stephen  L.,  Capt.,  Ordnance  U.  S.  A.,  Bureau  of  Mines 
Bldg.,  Pittsbui^h,  Pa. 

Greenwood,  0.  L.,  Lieut.,  Aero  Squadron,  Barracks  52,  Ellington 
Field,  Houston,  Tex. 

Gbimeb,  John  A.,  1st  Lieut.,  Interpretation  and  Reports  Section, 
Ordnance  Dept.,  Washington,  D,  C. 

Hardinge,  Hablowe,  Capt.,  Signal  Corps,  IT.  S.  R. 

Hartley,  Burton,  Capt.,  45th  Artillery,  C.  A.  C,  37th  Brigade, 
C.  A.  C,  American  E.  F. 

Hates,  F.  H.,  Major,  Army  General  Staff  Collie,  A.  P.  0.  714, 
American  E.  F. 

Hill,  William  J.,  2d  Lieut.,  1 1th  Training  Battery,  F.  A.  C.  0.  T.  S., 
Camp  Zachary  Taylor,  Ky, 

Hook,  J.  S.,  Lieut.,  Headquarters  First  Unit,  Wilbur  Wright  Field, 
Dayton,  O. 

HowBL^,  Jesse  V.,  16th  Training  Battery,  F.  A.  C.  O.  T.  8.,  Camp 
Taylor,  Ky. 

Ingle,  Hugh  C,  472d  Ei^neers,  Care  Carter's  Villa,  Red  Bank,  N.  J. 

Johns,  A.  L.,  434th  Engineers,  Camp  Kearny,  Cal. 

Kbtbs,  Harmon  E.,  Artillery  Branch,  U.  S.  Army. 

King,  Rowland,  Ist  Lieut.,  Engineers,  Camp  Headquarters,  Camp 
A.  A.  Humphreys,  Va. 

KiTsoN,  H.  W.,  Ensign,  U.  S.  S.  "Delaware,"  U.  S.  Navy,  Care  Post- 
master, New  York. 

Koch,  Hugo  E.,  Pvt.,  Enlisted  Ordnance  Corps,  U.  S.  A.,  Watertown 
Arsenal,  Watertown,  N.  Y. 

Laroque,  F.,  Cadet,  Royal  Air  Force. 

Lasner,  David,  Chemical  Warfare  Section,  U.  S.  A.,  Edgewood 
Arsenal,  Md. 

Lathrop,  Llotd  J.,  Lieut.,  529th  Engineers,  American, E.  F. 

Levy,  Milton  M.,  1st  Lieut.,  315th  Engineers,  Camp  Travis,  Tex. 

Lewis,  C.  R.,  Candidate,  Co.  D,  Candidates'  School,  Fort  Monroe,  Va. 

Lindholm,  Milton  S.,  Lieut.,  Co.  C,  109th  Engineers,  American  E.  F. 

LuTTfl,  Carlton  G.,  Met.,  Boston  Navy  Yard,  Boston,  Mass. 

McCarthy,  Edward  Prosper,  Capt.,  Co.  2,  E.  0.  T.  S.,  Camp 
Humphreys,  Va. 

Macy,  G.  D.,  33d  Training  Battery,  F.  A.  C.  0.  T.  S.,  Camp  Taylor, 
Ky. 

Mahoney,  John  J.,  Pvt.,  Co.  D,  39th  Machine  Gun  Battalion,  Camp 
Lewis,  Wash. 
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Mabblb,  Ralph  N.,  Jr.,  Lieut.  Comdr.,  U.  S.  Navy,  The  Marl- 
borough, 917  18th  St.,  N.  W.,  Waahington,  D.  C. 

Marshall,  Euort  M.,  Lieut.,  Ordnance  Dept.,  American  E.  F.,  Care 
Postmaster,  New  York. 

Martin,  Ctjhtis  Frank,  American  E.  F.,  France. 

Matthli.8,  Maximilian  P.,  Lieut.,  Ordnance  Dept.,  U.  S.  A.,  194 
Nesmith  St.,  Lowell,  Mass. 

Miller,  Donald  G.,  Major,  4th  Engineers  Training  Regiment,  Camp 
Humphreys,  Va. 

Miller,  Walter  Byron,  Capt.,  Engineers,  U.  S,  Army, 

MoBBs,  Fercival  Snebd,  Lieut,,  Quartermaatere  Dept.,  Embarkation 
Office,  American  E.  F. 

Munkob,  Chahlbs  E.,  Chairman,  Committee  on  Explosives  Investi- 
gation, National  Research  Council,  Waahington,  D,  C. 

MoRPHT,  William  J.,  2d  Lieut.,  5th  Prov.  Battalion,  Fort  Benj, 
Harrison,  Ind. 

Neoru,  Jacques  S.,  Spr.  2504000,  9th  Battalion,  Canadian  R.  R. 
Troops,  Canadian  E.  F, 

Otto,  J.  F.,  38th  Co.,  10th  Battalion,  Camp  Upton,  N.  Y. 

OvEBPBCK,  AaBLi  C,  Capt,,  Engineers  R,  C. 

Parsons,  Georqb  H.,  Chemical  Warfare  Section,  Gas  Defense  Div,, 
Astoria,  L.  I. 

Powell,  D.  A.,  2d  Lieut.,  Coast  Artillery  Corps,  U.  S.  A.,  62  South, 
Ft.  Monroe,  Va. 

PKICK,  John  M.,  2d  Lieut.,  A.  S,,  MiUtary  Aeronautics,  Ft.  Sill,  Okla, 

Skiku,  Joseph  G.,  U,  S.  Army  Service. 

Smith,  Frank  A.,  Corp.,  2d  Batt.  Det.,  C.  C.  W.  S.,  Edgewood,  Md. 

Stanley,  James,  Major,  Army  Service  Corps,  A.  P.  0.,  S,  7,  British 
E.  F,,  France. 

Stbidle,  Edward,  Capt.,  Co.  D,  30th  Engineers,  American  E.  F., 
Care  Postmaster,  New  York. 

Stewart,  John  S,,  Co.  lA,  E,  0.  T,  S.,  Camp  Humphreys,  Va. 

Stewart,  M.  B.,  2d  Lieut.,  F.  A.,  U.  S.  Army. 

Tba8,  Pibhson,  2d  Lieut.,  U.  S.  A.,  Aberdeen  Proving  Grounds,  Md. 

Van  Nebs,  W.  Waters,  Major,  Royal  Engineere,  O.  C.  238,  Light 
Regimental  Forward  Co.,  R,  E.,  British  E,  F.,  France, 

Walter,  Raymond  A,,  Capt,,  C.  0,  Co.  B,  70th  Engineers,  Ft, 
Douglas,  UtAh. 

WiBGAND,  August  John,  United  States  Army. 

WiLLETs,  Robert  H.,  Ist  Lieut.,  General  Engineer  Depot,  Munitions 
Bldg,,  Room  2830,  19th  &  B  Sts.  N.  W.,  Washington,  D,  C, 

Williams,  Edwahd  L,  Lieut.,  65  South,  Fort  Monroe,  Va, 

Williams,  F.  T,,  Lieut,,  6th  Reserve  Battalion,  Royal  Engineers, 
Irvine. 

Wise,  Alfred  L.,  Ensign,  U.  S,  N.  R.  F.,  Reserve  Officers'  Quarters 
A,  Room  432,  U.  S.  Naval  Academy,  Annapolis,  Md. 

WisSBB,  Edward  Hollister,  2d  Lieut.,  319th  Engineers,  American 
E.  F,,  Care  Postmaster,  New  York. 

WoLPARn,  0,  L.,  Lieut.  Comdr.,  U.  S.  S.  "New  Mexico,"  U,  S.  Navy, 
Care  Postmaster,  New  York. 

Wright,  W,  Rybr,  Ist  Lieut.,  Ordnance  Dept.,  Inspection  Div., 
Explosives  Section,  New  York, 

Yabdlet,  John  L.  McK.,  Capt.,  Co.  B,  Engineers  Tr.  Regiment, 
Camp  Humphreys,  Va.  ,--  , 
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The  following  is  aa  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Oct.  10, 1918  to  Nov.  10, 1918. 

I.  Canon  Adkerson,  Viramift.  George  H.  Pbtbohb,  Hayden,  Arii. 

Andrew  B.  Armstroiig,  Connecticut.  W.  E.  Pomeroy,  New  York. 

CouTtenar  DeKalb,  San  Francisco.  Em  C.  Rider,  Bisbee,  Arii. 

Clifford  G.  Dennis,  San  Francisco.  H.  W.  Seamui,  Chicago,  III. 

Rndolpli  Enunel,  Boston,  Maas.  WiUiam  Allen  Smith,  Northampton. 

Emil  Gattunuin,  Baltimore,  Md.  R.  K.  Stockwell,  Salt  Lake  City,  Uufa. 

Ernest  S.  Oeuy,  Denver,  Colo.  W.  G.  Swart,  Duluth,  Minn. 

W.  E.  HoppM;  Waahington,  D.  C.  Eirby  Thomaa,  New  York. 
W.  Sp'encer  Hutchinson,  Boston,  Maas.      Wairen  D.  Thompson,  Harvard  Club. 

E.  W.  Kohl,  Jr.,  PhUadelphia,  Pa.  H.  Wncent  WaUace,  Los  Angeiea,  Cal. 
E.  C.  nighman,  Butte,  Mont. 

Paul  T.  Benson,  formerly  with  the  Tacoma  smelter,  has  resigned 
bis  position  there  to  accept  one  with  the  Great  Metals  Mining  and  Mill- 
ing Co.  at  Nespelem,  Wash. 

Prof.  Edward  £.  Bugbee,  of  the  Mining  Department  of  the  Massachu- 
setts Institute  of  Technology,  has  been  granted  a  leave  of  absence  to  ac- 
cept the  position  of  Assistant  Director  of  Education  for  the  S.A.T.C. 
of  five  southern  states  with  headquarters  at  Raleigh,  N.  C. 

A.  R.  Campbell  is  now  assistant  to  the  secretary  of  the  Lead  Producers 
Committee  for  War  Service,  with  offices  at  61  Broadway,  New  York  City. 

Walter  If.  Crafts  is  now  assistant  general  superintendent  of  the  Brit- 
ish Forgings  Ltd.  at  Toronto,  Canada;  , 

George  Crerar  is  now  in  charge  of  the  Dayton  Placer  Recoverj' 
Corporation  at  Dayton,  Nev. 

Erie  V.  Daveler  has  left  the  Alaska  Gastineau  Mining  Co.  to  become 
mill  superintendent  of  the  Butte  &  Superior  Mining  Co.  at  Butte,  Mont. 

Francis  N.  Flynn  is  now  located  at  Newark,  N.  J.,  as  assistant  general 
superintendent  of  the  Balbacb  Smelting  &  Refining  Co. 

Walter  E.  Gaby  has  opened  an  office  at  208  Douglas  Ave.,  Salt  Lake 
City,  where  he  will  engage  in  engineering  geological  work.  For  the  past 
year,  Mr.  Gaby  has  been  connected  with  the  Nevada-Douglas  ConH. 
Copper  Co.  in  the  Yerington  Dist.,  and  is  still  retained  by  that  company 
in  a  consulting  capacity. 

0.  J.  Hall  has  resigned  his  position  with  the  Gar&eld  Smelting  Co. 
of  Gai^eld,  Utah,  and  is  now  with  the  Copper  Queen  Reduction  Works 
at  Douglas,  Ariz. 

W.  H.  Harris  has  accepted  the  position  of  superintendent  of  the  Bush 
Mine,  Stewart,  B.  C. 

E.  C.  Hickman,  metallurgist,  formerly  with  the  American  Smelting 
&  Refining  Co.  at  Murray,  Utah,  is  now  assistant  superintendent  with  the 
St.  Joseph  Lead  Co.  at  Herculaneum,  Mo. 

Clemence  W.  Hippard  is  at  present  on  the  staff  of  the  University  of 
Illinois,  Urbana,  111.,  as  graduate  research  assistant.  Engineering  Experi- 
ment Station,  Department  of  Mining,  with  offices  at  211  Transportation 
Building. 

Brian  H.  Hooker  is  now  connected  with  the  Commonwealth  Bureau 
of  Census  and  Statistics  with  offices  at  Rialto,  Collins  Street,  Melbourne, 
Australia. 

Albert  J.  Houle  has  severed  his  connection  as  Professor  of  MetaU 
lurgy  with  the  Michigan  Collie  of  Mines  at  Houghton,  Mich, 
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Olaf  P.  Jenkins  has  chained  bis  position  from  aasistant  professor  of 
economic  geology  at  the  State  College  of  Washington  to  geologist  of  the 
Arizona  Bureau  of  Mines,  University  of  Arizona,  Tucson,  Ariz. 

Edward  K.  Judd,  for  the  past  year  managing  editor  for  this  Institute, 
has  resigned  to  take  a  position  in  the  operating  department  of  the  Ameri- 
can Metal  Co.,  61  Broadway,  New  York. 

Frank  A.  Kennedy  has  resigned  as  general  superintendent  of  Butler 
Bros,  mine,  Mesabi  Iron'  Range,  to  go  into  consulting  practice,  with 
offices  at  1006  Alworth  Building,  Duluth,  Minn. 

Oscar  Lachmund,  having  resigned  his  position  as  genera!  manager  of 
the  Canada  Copper  Corporation,  Ltd.,  will  engage  in  private  engineering 
practice  at  Spokane,   Wash.,  in  Room  822  of  the  Paulsen  Buildii^. 

J.  B.  Lain,  formerly  at  Columbia  University,  New  York,  is  now  at 
Latouche,  Alaska,  as  mill  superintendent  of  tbe  Kennecott  Copper  Co. 

Willis  Lawrence  is  now  manager  of  tbe  Oat  Hill  quicksilver  mines, 
Middletown,  Lake  County,  Cal. 

J.  T.  Morris,  superintendent  Stotesbury  operation  of  the  E.  E. 
White  Coal  Co.,  Stotesbury,  W.  Va.,  has  resign^  his  position  to  accept 
tbe  general  managership  of  the  Pembarton  Coal  &  Coke  Co.,  with  head- 
quarters at  Affinity,  W.  Va,,  effective  October  15. 

H.  A.  Morrison  has  recently  taken  a  position  at  tbe  Liberty  Ship- 
yard in  Alameda;  bis  new  address  is  5237  College  Avenue,  Oakland,  Cal. 

ArOiur  B.  Parson  has  accepted  a  position  with  tbe  Butte  &  Superior 
Mining  Co.,  Butte,  Mont. 

O.  F,  Riser  is  now  assistant  superintendent  of  mills  with  tbe  Chino 
Copper  Co.,  at  Hurley,  New  Mex, 

Andrew  Rocca,  Jr.,  is  now  vice-president  and  superintendent  of  the 
Western  Mercury  Co.,  Inc. 

WilliaJm  S.  Sirdevan  is  efficiency  engineer  for  the  United  Verde  Cop- 
per Co.,  Jerome,  Ariz. 

R.  K.  Stodcwell  is  general  sales  manner  with  tbe  Robins  Conveying 
Belt  Co.  at  their  New  York  office  in  the  Park  Row  Building. 

Ernest  A.  Strout  recently  became  manager  of  tbe  Le  Fe  Mining  Co., 
Ltd.,  Guadalupe,  Zacatecas,  Mex. 

W,  M.  Weigel  is  superintendent  of  tbe  smelting  department  of  the 
Missouri  Cobalt  Co.,  Frederickstown,  Mo. 

Albert  G.  Wolf  is  field  engineer  with  the  Mason  Valley  Mines  Co. 
at  Thompson,  Nev.,  having  resigned  his  position  with  the  Mary  Murphy 
Gold  Mining  Co,  at  Romley,  Colo. 


ENGINEERS  AVAILABLE 


No,  488. — Mining  engineer,  member,  technical  graduate,  married, 
age  38,  desires  position  of  superintendent  or  assistant  superintendent. 
Has  had  15  years'  practical  experience  as  miner,  mUlman,  machinist,  sur- 
veyor, engineer,  foreman,  and  superintendent  in  the  West,  Southwest, 
and  Mexico.  Speaks  Spanish.  Now  employed  as  superintendent  of 
copper  property  in  Southwest,  Can  give  the  best  of  references.  Mini- 
mum Bfdary  $250.    Available  after  Sept.  1. 

No.  495. — Mranber,  age  36,  married,  technical,  10  years'  all  round 
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experience  operation  and  ejiamination  gold,  silver,  copper,  mai^nese, 
in  United  States,  Mexico,  South  America.  At  present  in  States.  Desires 
change  of  position. 

No.  502. — Member,  mining  engineer,  age  30  years.  Married, 
10  years'  experience  in  coal  mines  as  chainman,  transitman,  superin- 
tendent, and  chief  engineer.  Now  employed  as  chief  en^neer  of  large 
coal  company  producing  3,000,000  tons  coal  per  year.  Desires  to  get 
located  in  West  or  South.     Available  Jan.  1,  1919. 

No.  503. — Mining  engineer  and  metallurgist,  member,  age  36  years. 
Fifteen  years'  experience  in  United  States,  Mexico,  Canada,  Alaska, 
Central  and  South  America.  Ten  years  in  executive  capacities  in 
management  of  small  operations,  mining,  milling  and  smelting  copper, 
lead,  silver  and  gold  ores.  Design  and  construction  mine  and  mill 
buildings.     Speaks  Spanish. 

No.  504. — Member,  technical  graduate,  draft  exempt,  who  has 
been  employed  as  research  chemist  in  cyanidation  and  flotation  for  past 
5  years  desires  position  with  large  company  a^  metallurgist  or  assistant 
mill  superintendent.  Especially  experienced  in  flotation  of  gold  and 
silver  ores,  but  am  also  familiar  with  flotation  of  lead-zinc  ores.  Foreign 
service  not  desired.    Will  be  at  liberty  after  Dec.  1,  1918. 

No,  505. — Member,  graduate  mining  engineer,  with  8  years'  practical 
experience,  including  experience  as  superintendent.  Desires  position 
as  engineer,  foreman  or  superintendent  of  mine. 

No.  506. — Successful  young  mining  geologist  desires  connection 
with  large  or  several  small  concerns  in  the  West.  Present  headquarters 
Salt  Lake,  but  favors  Southwest.     Columbia  graduate  scholar.     Married. 

No.  507. — -Engineer  and  geologist,  member,  age  35  years,  married, 
experience  in  geologic  survey,  reconnaissance  and  mapping  work  with 
special  qualification  for  micro-petrographic  research,  desires  employ- 
ment with  mining  enterprise  offering  opportunity  for  advancement;  at 
present  employed  partly  in  other  engineering  work,  wishes  change  to 
mining  field  exclusively. 

No.  508.^Member,  American,  single,  technical  education,  12  years' 
experience  in  Mexico  and  Central  America  in  gold  and  silver  mining,  in 
practically  all  capacities;  last  four  years  superintendent  of  producer  em- 
ploying 250  men.  Familiar  with  construction  and  diflScult  transporta- 
tion conditions.     Can  get  results  with  native  labor.     Available  after  the 


POSITIONS  VACANT 

No.  349. — A  Canadian  university  wishes  to  engage  a  man  to  teach 
non-ferrous  metallurgy  and  ore-dressing  as  well  as  to  direct  research 
work.  The  instruction  work  covers  7  months  but  the  research  work 
is  continued  throughout  the  year.  To  a  suitable  man  the  rank  of  pro- 
fessor will  be  granted.  Applicants  are  requested  to  state  education, 
experience,  salary  desired  and  any  other  particulars  that  might  assist 
in  selecting  a  man  for  this  position. 

No.  354. — Wanted,  for  Northern  Nigeria,  one  chief  and  two  assistant 
mining  engineers,  competent  surveyors,  with  good  knowledge  of  alluvi&l 
tin  mining  and  dressing  of  tin  concentrate.  Preferably  with  previous 
Nigerian  experience,  and  exempted  or  able  to  secure  passport.  Apply 
in  writing,  stating  qualifications,  experience  and  salary  required. 
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No.  355. — Wanted :  Superintendent  for  tungsten  property  in  Arizona. 
Man  having  Iiad  experience  in  handling  Mexican  labor  preferred.  Salary 
$2500,  with  dwelling  house  partly  furnished.  ■ 

No.  356.— Wanted :  Mining  engineer  for  the  staff  of  an  organization 
of  conaulting  engineers  working  in  fire  prevention  and  accident  preven- 
tion. Metal  and  coal  experience  necessary.  Broad  vidon  and  the 
ability  to  meet  big  men  and  to  carry  conviction  are  essential.  If  you 
have  these  and  the  other  -qualifications  necessary  to  professional  work 
of  the  very  best  type — if  you  think  that  you  are  the  man  we  need — 
then  write  without  delay. 

No.  357. — Wanted:  Surveyor  and  draftsman  at  a  salary  of  $150 
per  month;  room  and  light  furnished.  Climate  healthful.  Situation 
about  70  miles  northwest  of  Guadalajara,  Jal.,  Mexico. 

No.  358. — Wanted:  Services  of  a  good  mine  transitman  or  engineer. 
Prefer  applicant  to  be  in  neighborhood  of  30  years  old;  well  ex- 
perienced m  underground  surveys,  good  draftsman,  and  with  sufficient 
personality  to  get  results  from  the  men.  Application  should  contain 
age,  nationality,  experience,  especially  underground,  names  of  various 
coal  companies  employed  by  or  in,  specimen  of  drafting  or  lettering. 

No.  359. — ^Large  mining  concern  has  a  position  in  the  engineering 
department.  At  present  work  will  be  largely  mine  surveying  and 
mapping,  but  with  some  miscellaneous  engineering  work.  Later  on 
work  will  lead  to  a  better  position,  taking  up  all  branches  of  mining 
engineering,  including  mining,  concentration  and  geology.  Splendid 
chance  for  advancement.  Desire  an  especially  capable  man,  so  would 
want  applicant  to  come  on  trial  for  two  or  three  months.  Suitable 
houses,  ready  for  occupancy,  will  be  furnished  to  married  men;  for  single 
men  there  is  an  employees'  club  house— room  and  board  for  $1  per  day. 

No.  360. ^Man  to  assist  in  investigation  of  partly  developed  mineral 
properties  in  Brazil.  Must  have  had  some  experience  in  mine  sampling; 
mine  examination  experience  not  absolutely  essential.  Should  be  able 
to  speak  Spanish;  knowledge  of  Portuguese  preferable. 


FORTHCOMING  MEETINGS  OF  SOCIETIBS 


AmericEm  Society  of  Mechanical  Engineers 

Society  for  Promotion  of  Engineering  Education, 

with  British  Educational  MiBaion 

Geolo^cal  Society  of  America 

Amencaa  Association  for  the  Advancement  of  Science 


Intemational  Mining  Convention  (Auspices,  Van- 
couver Chamber  of  Mines) 

American  Society  of  Civil  Engineers 

American  Wood  Preservers  Association 

American  Society  of  Heating  and  Ventilating  Enp- 
neen 

American  Institute  of  Mining  Endneen 

New  England  Association  of  Gas  En^eers 

American  Railway  Engineering  Association 


New  York,  N.  Y. 

Cambridge,  Mass. 
Boston,  Mass. 
Boeton,  Mass. 


Vancouver,  B.  C 
New  York,  N.Y. 
St.  Louis,  Mo. 


Dec.  6-7 
Dec.  28-31 
Dec.   27- 
Jan.  2. 


Jan.  8-10 
Jan.  16-16 
Jan.  28-30 


New  York,  N.  Y.  Jan.  28-30 
New  York,  N.  Y. '  Feb.  17-20 
Boston,  Mass.         Feb.  10 

Mch.  18-20 
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LIBRARY 

Amebican  Societt  of  CmL  Engineers 
Ahbkican  Institute  of  Elbctbical  Engineers 
American  Societt  of  Mechanical  Enqinebrs 
AuERicAN  Institute  of  Mintnq  Engineers 
United  Enqenbebinq  Society 

Harbison  W.  Cravbr,  Director 

The  library  of  the  above-named  Societies  is  open  from  9  a.  h.  to 
10  p.  u.  except  on  holidays.  It  contains  about  70,000  volumes  and  90,- 
000  pamphlets,  including  aeta  of  technical  periodicals  and  publications  of 
scientific  and  technical  Bocieties. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  informatioa 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
informatioa  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Libraiy  Accessions 
American  Socieit  fob  Teshno  Matbbials.     Membership  List,  Charter  and  By- 
Laws,  etc.    1918.    Philadelphia,  1918. 
Broken  Hill  Psoprtbtabt  Gokfant,  Ltd.     B«pDrte  and  Statements  of  Account 

for  half-year  ending  May  31,  1918.     Victoria,  1918.     (Gift  of  Company.) 
Bbokbn  Hill  Soutb  Silvek  Mihinq  Coufant.     Reports,  Statementa  of  Account, 

etc.  for  half-year  ended  June  30,  1918.  Melbourne,  1918.  (Gift  of  Company. } 
Cenbob  of  VisoiN  IsLANua  op  Unttbd  States.     1917.     Washington,  1918.     (CSift 

of  U.  S.  Bureau  of  Census.) 
Cbilzan  Minino  Code.    January  1,  1889,     By  Charles  E.  M.  Michela.    Santiago 

de  Chile,  1914.     (Gift  of  Author.) 
Engineers'  Club  of  Philadelphia  Direotort,  1918.     Philadelphia,  1918.     (Gift 

of  Club.) 
Enoineerinq  Societt  of  China.  Proceedings.     Vols.  9-14,  1909-15.    Shanghm, 

1911-15. 
Fares  and  Fheioht  Rates.     What  of  the  aftermath  of  Government  control  of 

raih«ads.     By  H.  W.  Seaman.     (BuUeUn  No.  46,  Qty  National  Bank,  Clinton, 

Iowa.)      1918.     (Gift  of  City  National  Bank.) 
Fuel  Saving  in  Power  Plants.     (Buiiefin  No.  1,  Advisory  Engineering  Committee 

to  the  Massachusetts  Fuel  Administrator.)  Boston,  1918.  (Gift  of  A.  S.  M.  E.) 
Great  Britain,     Department  of  Scientific  and  Industrial  Research.     First  Report 

of  Mine  Rescue  Apparatus  Research  Committee.    London  1918. 
,  Report  of  Committee  of  Privy  Council.     1917-18.    London,  1918.     (Gift 

of  Department  of  Scientific  and  Industrial  Research.) 
International  Militart  Digest.     Annual,  1917.     New  York,  1918. 
Iron  &  Steel  Inbtitdtb.    Journal,  vol.  97,  No.  1,  1918.    London,  1918. 
La  Distillation  FRACnoNNlE  zt  la  Rectification.     By  Charles  Manlier.     Paris, 

1917. 
Mebchantb'  Association  of  New  York.     I.  Oppomne  Government  Ownership 

and  Operation  of  Public  Utilities;  11.  Advocating  Exclusive  Regulation  of  all 
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R«ilToads  by    Federal   Govenunent.     Nov.,  1916.     (Gift  of  Merchants'    Aa- 

aociation  of  New  York.) 
MiNERAi^  AND  Mbtals  por  War  Fuhfoses.     Heaiitut  before  Committee  on  mines 

and  mining,  United  States  SenBt«,  6Sth  Congreas,  Second  Session.     Washington, 

1918. 
Mining  ANn  Geolooical  iNsimnii  or  Inuia.     Member  List,  1918. 
Mining  Opbbattonb  in  Psovincb  of  Qdbbec,  1917.     Quebec,  1918. 
Mtsobb.  Chief  Inspector  of  Mines.     Report.     1915-16,  1916-17.     Bangalore,  1918. 
National  Limb  MAuuFAcrruBBRa'  Association.     Hydrated  Lime  Bureau. 

,  Concrete  Evidence.     (Bulletin  A-7 ,) 

-,  Hydrated  Lime  in  Concrete.     (BvUdin  A.8.) 

,  Hydrated  Lime  in  Concrete  Roada,  Field  Test  Results.     (Bulletin  K-2.) 

New  Zealand  Insututb.    Transactions  and  Proceedings.    Vol.  L.    Wellington, 

1918. 
Opebationb  Miniebes  dans  la  Province  db  Quebe(^  1917.    Quebec,  1918. 
Pbnnstlvania.     Department  of  Mines.     Report.     1916.    Pt.  I— Anthracite.     Har- 

risburg,  1917. 
Pobtland    Cembht    Association.     Magazine    Hat,    September,    1918.     (Gift    of 

Association.) 
Pdbuc  UnuTiEa  Reports.     Digest  1917.     Rochester,  1918. 
SvBNBKA    TsKNoLOOFdRENiNGEN.    LedamotafarteckiiiDR.    Juni,    1918.  Stockholm, 

1918. 
Tables  Ahndellbs  nE  Constantes  bt  DonnAes  Num£biqub8  na  Chihie,  de 

pBTSiQUE  ET  DE  Technologie.     Rapport  gto6ral  presents  au  nom  de  la  Com- 

misMon  Permanente  du  Comity  International  [Kiur  1'  ann^,  1917.    Paris,  1918. 

(Gift  of  Association  Internationale  des  Academies.) 
TECHNo-caEiocAi,  Rbceift  Boob.     By  Wm.  T.  Brannt  and  Wm.  H.  Wahl.     Phila- 
delphia, 1917.     (Gift  of  Samuel  Wein.) 
U.  S.  Depabtmbnt  of  the  Interior.     Reports.     1917.    Vols.  1-2.     Washington, 

1918.     (Gift  of  Department  of  the  Interior.) 
Vocational  Scnooia  roR  Worsbrs  in  Coal  and  Metal  Mines.     Washington, 

1918.     (Gift  of  Federal  Board  for  Vocational  Education.) 
What  iNonsTRr  Owes  to  Chemical  Science.     By  Richard  B.  Pilcher  and  Frank 

Butler-Jones.     Iiondon,  1918.. 
Yeabbooe  of  Scientific  and  Learned  Societies  of  Great  Britain  and  Ireland. 

Compiled  from  Otiiaial  Sources.    London,  1G17. 

Book  Notices 
Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
The  Institutedoesnot  assume  responsibiUty  for  anv  statements  made;  these  are  taken 
from  the  preface  or  the  text  of  the  book,  unless  otherwise  noted. 
Aubrican  Association  of  Engineers  Directort.    Containing  Lists  of  Members 
Arranged  AlphabeticaUy,  Geographically,  and  According  to  Professional  Work. 
Corrected  to  July  1,   1918.     Chic,  American  Association  of  Engineers   (copy- 
righted, 1918).     190  pp.,  2  diag.,  1  map,  9  X  6  in.,  cloth,  S2. 
The  Akbitral  Determination  of  Railway  Wages.     By  J.  Noble  Stockett,  Jr. 
Boston  and  N.  Y.,  Houghton  Mifflin  Co.,  1918.     198  pp.,  8  X  5  in.,  cloth,  $1.60. 
Contents:  Standaidiiation,   The  Living  Wage,  The  Increased  Coat  of  Living, 
Increased  Productive  EfGciency,  Principles  Governing  the  Arbitral  Determination 
of  W^ee. 

T'his  volume  of  the  Hart,  Schaffner,  &  Marx  Prize  Essays  is  a  study  of  the  prin- 
ciples of  wage  determination  and  of  wage  increase  advanced  by  the  employees  and 
employers  in  the  course  of  arbitration  proceedings,  with  a  view  to  ascertaining  some 
fundamental  principles  which  may  serve  as  the  basis  of  a  fair  and  reasonable  wage  or 
of  a  just  principle  of  wage  increase.  The  arbitration  proceedings  examined  number 
sixty-five  and  include  those  settled  under  the  provisions  of  the  Erdman  Act  and  the 
Newlands  Act,  the  railway  cases  under  the  Industrial  Disputes  Investigation  Act,  the 
Eastern  Engineers'  Arbitration  of  1912  and  the  Western  Engineers  and  Firemen's 
Arbitration  of  1915. 

Descriptive  Gbometrt.     By  Wilham  L.  Ames  and  Carl  Wischmeyer.     5th  ed. 

N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond.,  HiU  Publishing  Co.,  Ltd.,   1918. 

112  pp.,  197  illuB.,  8X6  in.,  cloth,  $1. 

A  condensed  course  for  students  in  collies  of  engineering,  in  which  seventy-two 

problems  are  explained  and  illustrated,  and  four  hundred  exercises  for  solution  are 
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preBeiit«d.      The  book  ficcords  with  drafting  office  pr&ctice  hy  uwtg  the  third 

quadrant. 

The  Flotation  PsocBas.     By  Herbert  A.  M^raw.    2d  ed.,  revised  and  enlarged. 

N.  v.,  MoGraw-HiU  Book  Co,,  Inc.;  Lond.,  Hill  Publiahing  Co.,  Ltd.,  1918. 

11  +  359  pp.,  74  illuB.,  1  pi.,  tab-,  9X6  in.,  cloth,  83.50. 
Althougb  htigation  over  patent  righU  still  continues  and  there  is  still  no  aeree- 
ment  on  the  theory  of  the  flotation  process,  the  author  has  thought  it  advisable  to 
issue  a  second  edition  of  this  work.  In  it  tiie  development  of  the  process,  both  in 
theory  and  practice,  ia  sumtaariied,  and  an  endeavor  has  been  lA&de  to  present  as 
true  a  record  of  present  conditons  as  ia  possible.  Most  of  the  original  edition  ia 
retained,  although  some  portions  that  later  developments  have  made  valueleee  are 
omitted,  and  considerable  new  matter  has  been  added. 
Few.  EcoNoMT  IN  Boiler  Roomb.     A  Development  of  Fuel  Economy  and  COj 

Recorders.     Published  in  the  Engineers'  Study  Course  from  Power.     In  two 

Strta.     Part  I.    Fuel  Economy  and  COj  Recorders.     By  A.  R.  Maujer  and 
harlesH.  Bromley.     Part  II.    Fuel  Economy  in  Boiler  Rooms.     By  Charles  H. 
Bromley.     2d  ed.     N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hill  Pub.  Co., 
Ltd.,  1918.     13  +  308  pp.,  _S2  illus.,  18  tab.^  8x6  in.,  cloth,  S2.50. 
The  volume  before  us  contnins  a  revised  edition  of  the  book  formerly  published 
aa'"Fuel  Economy  and  COi  Recorders"  with  the  addition  of  matter  on  other  sub- 
jects of  interest  in  connection  with  efGciencv  in  power-plant  operation.     The  aulhom 
have  tried  to  provide  a  work  that  will  explain  m  simple  language  the  proper  means 
of  attaining  fuel  economy.     For  use  by  firemen  and  power  plant  operatmg  engineers. 
Gboroe    WESTiNaHoueE.     His  Life  and   Achieveroenta.     By    Francis  E.  Leupp- 
BoBton,  Little,  Brown  and  Co.,  1918.     10  +  304  pp.,  5  pi.,  6  por.,  9  X  fl  m., 
cloth,  13. 
In  this  account  of  George  Westinghouse,  the  inventor  and  the  man,  the  author 
has  gathered  his  material  from  such  contemporary  sources  as  old  newspapers  and 
ma^aiines,  corporate  reports,  court  records,  local  traditions,  and  the  personal  recol- 
lections of  the  friends  and  neighbors  of  Mr.  Westinghouse.     The  trials  and  failures 
of  his  early  life,  his  perseverance  in  the  struggle  for  the  recognition  of  his  air-brake, 
and  hie  later  auccessea,  are  pictured  in  detail.    The  numersua  personal  anecdotes 
which  are  scattered  through  the  book  add  greatly  to  the  interest  of  the  biography  aa 
a  human  document. 

Interpolation    Tables    ob    Multiplication    Tables   of    Deciiul   Fractions. 
Giving  the  Products  to  the  Nearest  Unit  of  all  Numbers  from  1  to  100  by  0.01 
to  0.99  and  from  1  to  1000  by  0.001  to  0.999.     By  Henry  B.  Hedrick.     Waeh., 
Carnegie  Institution,  1918.     139  pp..  14  X  10  in.,  cloth,  %5. 
These  tables  are  of  especial  use  in-  ail  problems  involving  the  multiplication  of 
decimal  fractions  of  two  or  three  digits  wnere  the  product  is  ret^uired  to  no  more 
significant  figures  than  are  contained  in  the  smaller  factor.     Their  use  may  be  ex- 
tended to  decimal  fractions  of  three  and  four  digits.     Aa  the  tablea  are  mote  accurate 
than  the  slide-rule  or  graphical  methods,  and  more  convenient  than  logarithme,  they 
are  of  value  for  many  computations  where  those  methods  are  ordinarily  employed. 
Mbtallbbot  of  Lead.     By  H.  O.  Hofman:     Ist  ed.     N.  Y.,  McGraw-Hill  Book 
Co.,  Inc.;  Lond.,  Hill  Pub.  Co.,  Ltd.,  1918.     664  pp.,  705  iUus.,  1  folded  pi., 
153  tab.,  9  X  6  in.,  cloth,  S6. 
This  worlt  replaces  the  author's  former  treatise  on  "The  Metallurgy  of  Lead  and 
the  Desilverization  of  Base  Bullion."  but  has  been  so  largely  rewritten  and  altered 
that  it  has  become  practically  a  new  hook.     Only  the  chapters  on  reverberatory  smelt- 
ing and  German  cupellation  have  been  retained  in  about  their  ordinal  forms.     Hie 
author  has  prepared  for  the  new  edition  by  a  careful  review  of  the  technical  literature 
and  by  visiting  the  leading  lead  plants  of  the  United  States  and  Canada,  and  has  at- 
tempted to  represent  modem  practice  thoroughly  and  accurate^. 
Methods  or  Measurinq  Teupebature,     By  Ezer  Griffiths.     With  an  Introduction 
by  E.  H.  Griffiths.    I*nd.,  Charles  Griffin  and  Co.,  Ltd.;  Phila.,  J.  B.  Uppincott 
Co-,  1918.     176  pp.,  81  illus.,  48  tab.,  9  X  6  in.,  cloth,  8b  6d.    (Gift  from  J.  B. 
lippincott  Co.) 

This  monogra_ph,  intended  for  those  concerned  with  the  measurement  of  tem- 
perature in  scientific  investigations  or  in  the  control  of  industrial  operations,  ia  chiefly 
devoted  to  the  experimental  basis  of  the  methods  in  use,  the  calibration  of  the  in- 
atruments,  and  the  precautions  necessary  in  practice.  The  volume  is  intended  to 
extend  the  general  treatment  given  in  standard  textbooks  and  to  be  complete  in 
itself.  References  to  the  important  literature  are  given  with  each  chapter. 
Mine  Tracks.  Their  Location  and  Construction.  Treating  Briefly  on  the  Ma- 
terials Used  and  the  Principles  Involved  in  the  Design  and  Inatallatioii,  with  a 
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'Set  of  Rulea  for  s,  Standard  Practice.     By  J.  McCrystle.     1st  ed.     N.  Y.,  Mc- 
Graw-HiU  Book  Co.,  Inc.;  Lond.,  Hill  PubUehing  Co.,  Ltd.,  1918.     10  +  105 
pp.,  23  iUuB.,  tab.,  7  X  5  in.,  flexible  cloth,  $1.50. 
The  adaption  of  mechanical  naula(te  and  the  tnicceaeive  increases  in  the  weight  of 
mine  locomotives  and  rolling  stock  are  making  cloeer  attention  to  mine  trocka  im- 
perative.    This  treatise  furnishes  a  anmmary  of  the  methods  by  oeveral  companiea 
where  ^atematic  attention  has  been  given  to  the  subject,  in  convenient  form  for  use 
by  those  responsible  for  the  planning  and  maintenance  of  trackwork. 
n,ANB  SoKTBTiNG.     A  Practical  Treatise  on  the  Art  of  Plane  Surveying,  Including 
Chaining,  Leveling,  Compaee,  and  Transit  Measurements,  Land  and  Construc- 
tion Surveying,  Topographic  Surveying,  and  Mapping.     By  J.  K.  Finch.     Chic, 
American  Technical  Society,  1918.     243  pp.,  164  illus.,  U  pi.,  10  Ub.,  7X5  in., 
flexible  cloth^SI.50. 

This  manual  ia  especially  intended  for  home  study.  It  ia  planned  to  give  the 
practical  man  a  workmg  knowledge, of  the  subject,  and  to  be  used  by  trained  sur- 
veyors as  a  convenient  review. 

The  Second  Powkb  Kinx  Book.     A  Collection  of  Short  Articles  from  Poioer  in 
which  Practical  Men  Describe  Simple  Expedients  They  Have  Found  Effective 
in  Meeting  Every-day  Emegsencies  in  Power-plant  Work.     Compiled  by  the 
Editorial  Staff  of  Power  (McGraw-Hill  Book  Co.,  Inc^  sole  selling  agents),  I»18. 
11  +  161  pp.,  137  illus     9  X  6  in.,  H  cloth,  »1. 
The  first  "Power  Kink  Book,"  published  in  I9I7,  has  led  to  requests  [or  further 
notes  on  emergency  power-plant  practice.    This  book,  Uke  its  predecessor,  is  intended 
to  suggest  solutions  for  unusual  problems  and  methods  of  meeting  difficult  situations. 
Sheet-uxtal  Workers'  Manual.     A  Complete,  Practical  Instruction  Book  on  the 
Sheet-metal  Industry,  Machinery,  and  Tools,  and  Related  Subjects,  Including 
the  Oxyacetylene  Welding  and  Cutting  Process.     By  L.   Broemel.     With  a 
Special  Course  in  Elementary  and  Advaiiced  Sheet-metal  Work  and  Pattern 
Drafting  for  Technical  and  Trade  School  Instructors  and  Students;  Also  for 
Reference   and   Study   by   Sbeet-meta!   Workers   and   Apprentices.     By   J.   S. 
Daugherty.    Chic.Frederick  J.  Drake  ft  Co.  (copyright,  1918).    552pp.,  394illua. 
32  tab.,  7  X  5  in.,  flexible  cloth,  $2.     (Gift  from  the  Peck,  Stow,  A  Wilcox  Co.) 
The  authors  have  tried  to  produce  a  comprehensive  textbook  on  the  machinery, 
tools,  and  methods  used  in  sheet-metal  workii^,  suited  to  the  needs  of  manual-training 
and  trade  schools.     Outline  courses  in  sheet-matal  work  and  hand  forging  and  weld- 
ing which  meet  the  requirements  of  eme^ency  war  training  are  included. 
The  Zinc  Inddbtby.     By  Ernest  A.  Smith.     Lond.  and  N.  Y.,  Longmans,  Green  & 
Co.,  1918.     223  pp.,  illus.,  2  diag.,  4  pi.,  1  map,  tab.,  9  X  6  in.,  cloth,  13.50. 
The  author  of  this-  volume  of  the  series  of  Monographs  on  Industrial  Chemistry 
has  writtan  a  general  survey  of  the  development  of  the  lino  industry  and  its  present 
and  possible  future  position  ui  relation  to  the  various  metal  industries  of  Great 
Britam.     The  rise  and  progress  of  the  industry,  the  new  materials  and  their  sourees. 
marketing  of  ores  and  metal,  smelting,  physical  and  chemical  properties,  industrial 
applications,  and  alloys  are  considered  and  a  bibhography  of  the  more  important 
publications  is  appended. 

BIOGRAPHICAL  NOTICES 
[CHASLES  G.  ROBBLING 

Charles  Guatavus  Roebling,  president  of  the  John  A,  Roebliog's  Sons' 
Co.,  of  Trenton  and  Roebling,  N.  J.,  and  of  the  New  Jersey  Wire  Cloth 
Co.,  of  Trenton,  and  vice-president  of  the  John  A,  Roebling's  Sons'  Co., 
of  New  Yorkf  died  at  his  home,  No.  333  West  State  Street,  Trenton,  on 
Oct.  5,  1918. 

Mr.  Roebling,  who  waa  born  in  Trenton,  was  a  son  of  the  John  A. 
Roebling  who  finished  the  plans  for  the  Brooklyn  Bridge  just  before 
he  died.  The  bridge  was  completed  by  his  sons,  Charles  G.  Roebhng 
and  Col.  Washington  A.  Roebling. 

Upon  graduation  from  the  Rensselaer  Polytechnic  Institute  in  1871, 
Charles  Roebling  became  associated  with  the  Roebling  company  as  a 
mechanical  engineer.     He  was  engineer  and  builder  of  the  suspension 
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bridge  at  OU  City,  Pa.;  engineer  and  contractor  of  machinery  for  the 
removal  of  the  Cleopatra  Needle  from  Alexandria,  Egypt,  to  Central 
Park  in  1881;  and  contractor  and  builder  of  cables  for  the  Williamsburg 
suspension  bridge,  the  second  of  the  great  spans  to  be  constructed  across 
the  East  River,  The  plants  under  his  management  at  Trenton  aod 
Hoebling  included  seven  large  wire  mills,  the  largest  rod  mill  in  the 
country,  a  wire  cloth  factory,  one  of  the  largest  rubber  mills  and  copper 
wire  insulating  plants  in  the  country,  and  two  large  wire  rope  factories, 
twice  destroyed  by  fire  and  rebuilt. 

In  addition  to  his  other  activities  Mr.  Hoebling  was  a  member  of  the 
New  Jersey  State  Legislature  in  1903,  was  Presidential  Elector  for  New 
Jersey  in  1911,  and  served  as  Commissioner  of  Water  Works  at  Trenton 
and  at  Atlantic  City.  He  was  a  member  of  the  Iron  and  Steel  Institute 
of  Great  Britain  and  of  America,  the  American  Institute  of  Mining  Engi- 
neers, the  Engineers'  Club  of  New  York,  the  Lotus  Club  of  Trenton,  and 
a  director  of  the  Mercer  Automobile  Company. 

He  is  survived  by  two  daughters,  Mrs.  Bjchard  McCall  Cadwalader 
and  Mrs.  Carrol  Sergeant  Tyson,  both  of  Philadelphia,  and  a  sister,  Mrs. 
Charles  Jarvas,  of  New  York  and  Chicago. 

JOSEPH  HARTSHORNS 

Joseph  Hartshorne  was  born  in  Philadelphia  in  1852.  He  died  Aug. 
23,  1918.  After  graduating  from  Haverford  College,  he  took  a  special 
course  in  chemistry  at  the  Massachusetts  Institute  of  Technology,  and 
later  at  the  University  of  Pennsylvania.  He  started  with  The  Penn- 
sylvania Steel  Co.  as  an  apprentice  in  1873,  working  in  the  laboratory  and 
mills  for  2  years,  and  then  1  year  as  foreman  in  the  Bessemer  Depart- 
ment. Next,  he  was  assistant  chemist  in  the  second  Geological  Survey 
of  Pennsylvania.  In  1878,  he  went  to  France  to  investigate  the  Pemot 
open-hearth  furnace  for  the  Cambria  Iron  Co.  Upon  his  return,  he 
assisted  in  deskning  and  erecting  the  plant  in  Johnstown  and  was  fore- 
man of  a  turn  for  1  year,  and  superintendent  for  the  next.  In  1881,  he 
became  superintendent  of  the  Bessemer  and  rolling-mill  departments. 
In  1884,  he  went  to  Pottstown  and  also  made  a  trip  to  Europe  to  investi- 
gate the  Bessemer  basic  process.  Upon  his  return  he  designed  and 
erected  the  basic  Bessemer  plant  for  the  Pottstown  Iron  Co.,  and  was 
superintendent  there  until  1893,  when  the  company  failed.  Since  then 
he  has  been  a  consulting  metallurgical  engineer,  and  expert  in  patent 
cases.  The  most  important  of  the  latter  was  that  of  Krupp  versus 
Midvale  on  the  armor-plate  patent  case,  in  which  be  was  leading  expert 
for  Midvale.  He  was  a  good  linguist,  having  good  command  of  French 
and  German,  and  a  fair  knowledge  of  Itahan  and  Spanish.  In  all,  he 
made  eight  professional  trips  to  Europe. 

JOHN  HAUILTON  TROUTUAn 
John  Hamilton  Troutman  was  born  March  3,  1856,  at  Philadelphia, 
Pa.  When  he  was  fifteen  his  father  died  and  it  became  necessary  for 
the  son  to  help  to  support  his  mother  and  sister.  He  accordingly  went 
to  work  in  a  country  store  in  the  anthracite  region,  but  continued  his 
studies,  and  four  years  later  received  a  teacher's  certificate.  About  this 
time,  be  became  associated  with  John  Price  Wetherill  and  August  and 
Richard  Heckseher  in  the  management  of  coal  properties.  When  the 
Lehigh  Zinc  Co.  was  oi^anized,  in  1881,  he  joined  it  and  occupied  several 
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positions  of  reeponsibility  in  the  organization  until  the  company  was 
taken  over  by  The  New  Jersey  Zinc  Co,  in  1897. 

Those  who  remember  the  very  uncomfortable  first  year'  of  the  con- 
Holidation  will  always  retain  grateful  memories  of  Mr,  Troutman's 
kindliness,  helpfulness,  and  absolute  fairness.  He  only  remained  in 
the  New  York  office  for  about  a  year  and  then  went  to  Chicago,  as  the 
general  manager  of  the  Mineral  Point  Zinc  Co.  While  there,  he  made 
many  new  friends  and,  among  other  things,  started  the  manufacture  of 
lead  oxide  from  the  mixed  sulfides  of  the  West,  In  June,  1900,  he 
left  Chic^o  for  Denver  to  take  charge  of  the  Empire  Zinc  Co.  This 
position  proved  to  be  the  greatest  opportunity  of  his  hfe.  No  one  who 
has  not  traveled  in  the  West  can  begin  to  appreciate  the  high  esteem  in 
which  he  was  held  there  by  everyone  with  whom  he  came  in  contact^ 
business  associates,  miners,  mine  operators,  and  competitors.  He  was 
always  and  everywhere  absolutely  fair  and  there  was  hardly  a  mine 
operator  in  the  West  who  did  not  prefer  to  do  business  with  Mr.  Trout- 
man.  The  reputation  which  his  unfailing  courtesy  and  fairness  gained 
for  the  company  is  one  of  its  greatest  assets. 

Of  late,  he  felt  the  severe  strain  of  his  many  years  of  bard  and  con- 
tinuous work  for  the  company  and  had  been  forced  to  take  a  less  active 
part.  He  died  quite  suddenly  at  Denver  on  October  2.  In  his  death,  the 
company  has  lost  one  of  its  oldest,  most  faithful,  and  most  valuable 
employes.  As  one  of  his  oldest  associates  says,  "J.  H.  Troutman, 
single-minded  always  in  his  devotion  to  his  employers  and  his  associates, 
was  a  man  of  unusual  gifts  and  of  dynamic  working  ability.  It  was  a 
common  saying  of  ours  that  his  pencil  waa  always  sharpened  for  the  most 
thoroughgoing  investigation  of  any  proposition  brought  to  his  attention, 
and  that  he  never  failed  to  state  his  well  grounded  conclusions,"  But 
more  than  his  energy,  ability,  and  conscientious  performance  of  every 
duty  was  the  fine  character  of  the  man,  his  kindliness,  absolute  fair- 
ness to,  and  consideration  for  every  one  with  whom  he  came  in  contact. 

G.  C.  Stone. 
DR.  AITDREW  DICESOH  WHITE 

All  branches  of  the  engineering  profession  mourn  the  death  of  Dr. 
Andrew  Dickson  White,  which  occurred  Friday,  Nov.  1.  Born  Nov, 
11,  1832,  in  Homer,  N,  Y.,  Mr.  White  began  his  diplomatic  career 
soon  after  graduating  from  Yale  University  in  1859,  when  he  became  a 
member  of  the  American  Legation  in  St.  Petersburg.  Later  he  served  as 
Minister  to  Germany  under  President  Hayes,  Minister  to  Russia  under 
President  Harrison,  and  Ambassador  to  Germany  under  President 
McKinley.  He  also  was  a  member  of  the  Santo  Domingo  Commission, 
the  Venezuelan  Commission,  Commissioner  of  the  Paris  Exposition,  and 
a  member  of  the  International  Peace  Conference  at  The  Hague  in  1899. 
But  it  is  as  an  educator  that  he  is  best  known.  When  New  York  state 
secored  about  1,000,000  acres  of  public  land  as  an  endowment  of  its 
higher  educational  institutions,  Ezra  Cornell  offered  the  state  $500,000 
for  the  endowment  of  the  institution  if  the  state  would  found  a  new 
school  in  Ithaca  and  transfer  to  it  this  public  land.  The  state  accepted 
the  gift  and  Mr.  White  was  invited  to  become  one  of  the  founders  and 
the  first  president  of  Cornell  University.  He  personally  contributed 
$300,000,  and  later  founded  the  school  of  history  and  political  science, 
bearing  his  name,  giving  to  it  his  historical  library  of  over  40,000  volumes. 
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MEMBERSHIP 
New  Members 

The  following  list  comprisee  the  names  of  those  persons  who  became 
members  during  the  period  Oct.  10,  1918,  to  Nov.  9,  1918. 

AxLBB,  Feank  D.,  Copper  Met.,  Ore  Purchaser,  American  Smelt.  &  Befin.  Co., 

120  Broadway,  New  York,  N.  Y. 
AvBBY,  Paul  W.,  Met.  Enpr.,  Esperania  Min.  Co.,  Apt.  8,  El  Oro,  Mex.,  Mexico. 
Bakeii,  Charles  A.,  Leaching  Foreman,  Copper  Leaching  Plant,  Anaconda 

Copp«r  Min.  Co^  Anaconda,  Mont. 

Breed,  Charles  H Met.,  Crown  Cork  ft  Seal  Co.,  Baltimore,  Md. 

Chase,  R.  L.,  Min.  Engr 1028  First  National  Bank  Bldg.,  Denver,  Colo. 

EicHEi^EROER,  Frank,  Vice-pres.  and  Engr., 

New  York-Montana  Testing  &  Engi^.  Co.,  Helena,  Mont. 
Gkster,  G.  C,  Geol.,  Standsid  Oil  Co.  of  Cal., 

'616  Standard  Oil  Bldg.,  San  Fraocisco,  Cal. 
Griffin,  John,  Mgr.,  Anthracite  Territory,  The  Dorr  Co^ 

Board  of  Trade  Bldg.,  Seranton,  Pa. 

Hatneb,   Elwood Pros,,   The   Haynea  Stellite  Co^   Kokomo,   Indiana. 

Hsi,  T.  C Sec'y,  Tayeh  Iron  A  Steel  Works,  Tayeh,  China. 

Hyde,  Aobtin  T.,  Mgr.,  Keokuk  Plant,  River  Smelt,  &  Refin.  Co^ 

607  Franklin  St.,  Keokuk.  Iowa. 
Ieeda,  Keneo,  Supt.  &  Chief  Met.,  Fujita  &  Co.,  Koaaka  Mines,  Akitaken,  Japan. 
Job,  Robert,  Vice-pres.,  Milton  Hersey  Co^  Ltd., 

84  St.  Antoine  St^  Montreal,  P.  a,  Canada. 

Kern,  Edward  F Prof,  of  Met.,  School  of  Mines,  Columbia  Univ^  New  York. 

Klinck,  Feed  B Mech.  Engr.  &  Met^^  H.  Mueller  Mtg.  Co.,  Decatur,  III. 

Koch,  Ernest  C Min.   Engr.,   Burma  Corpn.,  Burma,  A^a. 

Lanodon^almer  H Editor^  The  MeUd  Industry,  99  John  St.,  New  York,  N.  Y, 

Lawler,  Edward  W.,  Mgr.,  Hardmge  Conical  Mill  Co., 

120  Broadway;,  New  York,  N.  Y. 
Lewis,  Essinoton,  Chief  Asst.  to  Gen'l  Mgr.,  Broken  Hill  Proprietary  Co..  Ltd., 

320  Collins  St.,  Melbourne,  Australia. 

Lucas,  Georoe  W Topographer,  Roxana  Petroleum  Co.,  Tulaa,  OkU. 

MacFarland,  A.  Frederic,  Met.,  U.  3.  Ball  Bearing  Mfs.  Co., 

Palmer  St.  &  Kolmar  Ave^  Chicago,  III. 

Mabsh,  A.L Gen'l  Mgr.,  Hoakins  Mtg.  Co^l44  Atkinson  Ave.,  Detroit,  Mich. 

Matthias,  Maximilian  Paul,  Lieut.,  Ordnance  Dept.,  U.  S.  A., 

194  Neamith  St.,  Lowell,  Mass. 

Meisel,  H.  J Geol.,  Elm  Orlu  Min.  Co.,  Butt*,  Mont. 

Mellot^  E.  L Chem.,  duPont  Nitrate  Co.,  Oficina  Pena  Grande,  Iquique,  Chile. 

Mtekb,  John  F Met,  The  Empire  Zinc  Co,  of  Colo.,  Canon  City,  Colo. 

Norton,  A.  B.,  Gen'l  Mgr,,  Riverside  Metal  Refin.  Co.,  Bos  633,  Conn  ells  ville.  Pa. 
NcTTiNG,  Wallace  Hunt,  Master  of  Transportation,  Washoe  Reduction  Wks., 

Anaconda  Cop^r  Min.  Co^  Anaconda,  Mont. 
Obbohn,  L,  a,,  Min,  &  Conetr.  Engr^  L,  A,  Osbom  Engineering  Co.,  Welch,  W.  Va. 
Plehkharp,  Irvin  H.,  Vice-pres.  £  Treas.,  The  Atlas  Brass  Foundry  Co., 

Columbus,  Ohio. 

Roberts,  R,  T Gen'l    SuiJt.,  Waclark  Wire  Co.,  Elizabeth,  N.  J. 

Robinson,  Louis  G,,  Engr.  &  Chem,,  Cincinnati  TestingBureau, 

31  E.  4th  St.,  Cincinnati,  Ohio. 

Ruffner,  Julius  M Pres.  A  Mgr.,  Atlin  Gold  Mines  Co^  Atlin,  B.  C.  Canada. 

Sbifert,  Chari^b  G,,  Sec'y-Treas.,  Cone.  Rolling  Mills  A  Fdjies.  Co.,  8.  A,, 

Apartado  81,  Mexico  City   Mexico. 

Shutts,  Samuel  B Supt,,  Lavmo  Furnace  Co,,  Lynchburg,  Va. 

Sntder,  Charles  G,,  Chief  Chem,,  Duqueane  Reduction  Co., 

Grass  &  Yew  Ste.,  Pitteburgh,  Pa. 

Stokbsburt,  Charles  H Met,^  Chase  Rolling  Mill  Co.,  Waterbury,  Conn. 

Storm,  L,  W,,  Mine  Supt,,  Latouche  Mme,  Kennecott  Copper  Corpn., 

Latouche,  Alaska. 
Thompson,  B.  S,,  Vice-pres.,  Hoyt  Metal  Co., 

1506  Boatmens  Bank  Bldg,,  St.  Louis,  Mo. 
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Thok,  Ernbst  E.,  Western  Editor,  Chemical  <t  Metallttrgieal  Engineering, 

Newhouse  Bldg.,  Salt  Lake  City,  Utfth, 
Tbott,  M.  J.,  Asst.  Supt.,  Golden  Cycle  Min.  A  R«duc.  Co.,  Colorado  SpringB,  Colo, 
tanLibr,  R.  J.,  Gen'lMgr.,  Billiton  Maatschappy,  Tandjonfc-Pandaa, 

Billiton,  Netherlands  Eaat  India. 
Wali,  Andrew.  .Asst,  to  Pope  Yeatman,  War  InduBtriea  Board,  Washington,  D.  C. 
Wbbthbimer,  Joseph,  Met.,  D.  E.  O.  C,  N.  A.,  Watervliet  Arsenal,  Watervliet,  N.  Y. 
WiCHUAN,  Fbank  M.,  Min.  Engr.,  Mgr.,  Bauchelle  &  Wichman, 

612  Walker  Bank  Bldg.,  Salt  Lake  City,  Utah. 
WiLiiAMa,  Locis  W.,  Mgr.,  The  Union  Drawn  Steel  Co., 

460  Washington  St.,  New  York,  N.  Y. 
Yamamoto,  NoBtro,  Chief  Ei^r.,  Sumitomo  Coal  Dept., 

SumitomO'Tadakuma  Colliery,  Fukuoka,  Japan. 
Yaedlet,  J.  L.  McK.,  Capt.,  Engineers,  U.  S.  A., 

Co.  4,  E.  O.  T.  S.,  Camp  Humphrey,  Va. 

Associates 
Albxakdes,  Edwabd,  'Aast.  to  Chief  Accountant,  American  Smelt,  fc  Befin.  Co., 
Apartado  lOt,  Monterr^,  N.  L.,  Mexico. 

Bradt,  D.  M Prea.,  Brady  Brass  Co.,  170-182  Fourteenth  St.,  Jersey  City,  N.  J. 

BoTmBi,D,  W.  J Pres.,  The  Vulcan  Detinning  Co.,  Sewaren,  N.  3. 

Caens,  William  F.,  Adv.  Rep.,  Brass  World  Publishmg  Co., 

Elm  ADuane  Sts.,  New  York,  N.  Y. 

Fraber,  James Supt.,  Speakman  Co.,  Riverview  Wks.,  Wilmu^fton,  Del. 

Gero,  W.  B.,  Chem.  Engr.,  Westi^house  Lamp  Co.  165  Broadway,  New  York,  N.  Y. 
GoEBRiNOER,  Charles  J.,  Pres.,  The  Buckeye  Products  Co., 

919-29  W.  5th  St^  Cincinnati,  Ohio. 
Hannat,  Gerald,  Oscar  Bamett  Foundry  Co.,  Lyons  Ave.  A  Coit  St,  Irvington,  N.  J. 

Habdt,  Wiluam  C Sec'y,  Wm.  A.   Hardy  4  Sons  Co.,  Fitchburg,  Mass. 

Holmes,  A.  G. Pres.  &   Mgr.,  Pittsburgh  Meter  Co.,  East  Pittsbureh    Pa. 

Jennings,  Edward  B Cadet,  41st  Class,  School  of  Fire,  Ft,  Bill,  Okla. 

Lasner,  DAVit) Met.  Chem.    Chemical  Warfare  Section,  U.  S.  A. 

LoNO,  Georqb  E Vice-pres.,  Joseph  Dixon  Crucible  Co.,  Jersey  City,  N.  J. 

Mueller,  Philip Supt^^  H.  Mueller  Mfj.  Co.,  Decatur,  HI, 

Rose,  Hbnrt  A Ross-Tacony  Crucible  Co.,  Tacony,  Pa. 

Whitcomb,  Herbert  Hartwbll.  .Met.  Engr.,  Scovill  Mfg.  Co.,  Waterbury,  Conn. 
Yaoch,  Otto  Leopold,  Chief  Engr.,  Bennett  Mine,  Bennett  Min.  Co., 

Keewatin,  Minn. 

Junior  Aaaociates 
BoRCHESDT,  Edward  Rahr,  Student,  Michigan  Collie  of  Mines,  Hoi^ton,  Mich. 
Bdrsank,  Wiisur  S.,  Student,  Mass.  Institute  of  "^hnologj;,  Cambridge,  Mass. 
KiESBL,  Albert  H.,  Assayer,  Ouray  Consolidated  Min.  &.  Reduction  Co.,  Ouray,  Colo. 

Pehrson,  Elubr  WAurER Co.  6,  E.  O.  T.  S.,  Camp  A.  A.  Humphreys,  Va. 

Reis,  James  W.,  Jr.,  Student,  Mass.  Institute  of  Technott^y,  Cambridge,  Mass. 

Change  of  Status,  Junior  Associate  to  Member 
.NTHONY  Watnb,  Colliery  Supt.,  Bliss  Colliery,  D.  L.  & 

Change  of  Status,  Junior  Associate  to  Associate 


Total  Membership,  Nov.  9,  1918 7201 

Change  of  Address  of  Mbmbebb 

The  following  changes  of  address  of  members  have  been  received  at 

the  Secretary's  office  during  the  period  Oct.  10,  1918  to  Nov.  9,  1918. 

This  I^t  together  with  the  list  published  in  Bulletins  No.  133  to  143, 
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January  to  November,  1918,  and  the  foregoing  list  of  new  memberB,  there- 
fore, BupplementB  the  annual  list  of  members  corrected  to  Jan.  1,  1918 
and  brings  it  up  to  the  date  of  Nov.  9,  1918. 

Adams,  Axthur  K lieut.,  2d  Engr.  Trainiog  It«gt.,  Camp  HumphrCTs,  Va. 

Adaus,  Wai/ter  G 645  Dorchester  St.  W.,  Montreal,  Csnada. 

Alxxakdeb,  William  H.,  G«ii'1  Mgr.,  Walker  River  Copper  Co., 

Produce  Euchange  Bldg.,  New  York,  N.  Y. 
AiXPOBT,  R.  H.,  The  Aluminum  Castings  Co^  2800  Harvard  Ave.,  Cleveland,  Ohio. 
Andbbson,  AuiL  A.,  Co.  A,  309th  Regiment  EDgineers,  84th  Div.,  American  E.  F^ 

Care  Postmaster,  N,  Y. 

Abchbald,  John  C Apartado  55,  GuaoHniato,  Mexico. 

Abustead,  H.  H Major,  Engr.  Corps,  U.  S.  A. 

ARiisTBONa,  Habold  Kbbb,  Pilots  Naval  Aviation, 

U.  S.  Naval  Air  Station  Miami,  Fla. 

Backus,  Gboboe  8 1st  National  Bank  Bldg.,  Telluride,  Colo. 

Babnbs,    W.    A 576    Mills    Bldg      San    Francisco,    Cal. 

Babrett,  Leslib  P Lieut.,   Headquarters,   6th  F.  A.,  American  E.  F. 

BASeBTT,  ABTBint  F Co.  6,  E.  0.  T.  C,  Camp  Humphreys,  Va. 

Bassbtt,  Thomas  E.,  Corp.,  Bat.  B,  147th  Field  Artillery,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Beddau.,  Thomas  H.,  Adjutant,  1st  Bat.,  1st  Gas  Regiment,  American  £.  F., 

Care  Postmaster,  N.  Y. 

Benson,  Paul  T Great  MeUls  Mia.  &  Mill.  Co.,  Nespelem,  Wash. 

Bebnabd,  Clinton  P.,  GandidaU,  12th  Observation  Battery,  F.  A.  C.  O.  T.  S., 

Camp  Taylor,  Ky. 

BiNSBAH,  Rathond  A. 101  Sherman  Ave.,  Glen  Ridge,   N.  J. 

Black,  Fbbderick  C Belmont,  Nev. 

BoiSB,  Paul  T.,  2d  Regiment,  24th  Squadron,  S.  P.  D.,  U.  S.  A., 

Vancouver  BarrackB,  Wash. 

BoBNHOPT,    Hbnky Apartado    70,    Mexico    City,    Mexico. 

Bowman,  F.  C 1903  West  Ninth  St,,  Spokane,  Wash. 

Bkockmann     Gutllebmo 110    Calle  Liverpool,    Mexico    City,    Mexico. 

Bbownino,  Edwabd,  Corp.,  Co.  D,  let  Regiment  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y, 

BuoBBB,  EnwABD  E. S.  A.  T.  C.  Headquarters,  Raleigh,  N.  C. 

BtjRT,  Curtis  F.,  Co.  B,  1st  Engineers  Replacement  Regiment, 

Washington  Barracks,  D.  C. 
BuBTON,  Geoboe  E.,  Reoident  Geol.,  Empire  Gas  &  Kiel  Co., 

1216  Colcord  Bldg  Oklahoma  City,  Okla. 
BuTTBRnBLD,  G.  Bkuce,  Co.  C,  605th  Engineers,  American  K.  F., 

Care  Postmaster,  N.  Y. 
Cadot,  J.  J.,  let  Lieut.,  U.  8.  Air  Service,  American  E.  F.,  Care  PoHtmaster,  N.  Y. 
Campbell,  A.  R.,  Asst.  to  Sec.,  Lead  Producers  Committee  for  War  Service, 

61  Broadway,  New  York,  N.  Y. 

Cahfbbll,  W.  C Care  Ivanpoh  Mining  Co.,  Cima,  Cal. 

Carloce,  J.  B.,  Major,  2d  Bat.,  1st  Gas  Regiment,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Cabpentbr,    Edwin    E Tonopah,     Nev. 

Chase,  E.  E 1028  First  National  Bank  Bldg.,  Denver,  Colo. 

CHBtKEr,  J.  S 735  Myrtle  Ave.,  South  Side,  Charleston,  W.  Va. 

Clemmttt,  WiLua  B 209SUteSt.,  Harriabutg,  Pa. 

Clabk,  Gborge  B Capt.,  Engineers,  Camp  I\inston,  Ksjisss. 

Cobb,  H.  M Gen'l  Mgr,  Soto  Mines  Co.,  Guanacevi,  Dgo.,  Mexico. 

Coleman,  W.  H.,'.Coip.,  Co,  E,  23d  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Corbt,  Habbt  G,,  1st  Ueut.,  Co.  D,  109th  Supply  Train,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Corse,  W.  M Enfp'.,  The  Ohio  Brass  Co.,  Man36eld,  Ohio, 

Crafts,  Waltbr  N.,  Asst.  Gen'l  Supt.,  British  Forgings,  Ltd.,  Toronto,  Ont.,  Canada, 

Crerar,   George Iteyton  Placer  Recovery  Corpn.,  Dayton,  Nev. 

Cbibpbll,  C.  W.,  Specification  Dept.,  Production  Engig,, 

Bureau  of  Aircraft  Production,  25  N.  Main  St.,  Dayton,  Ohio. 

Daooett,  Ellsworth 10  Cummings  Apt.,  Salt  Lake*City,  Utali. 

Daveleb,  Eblb  V Mill  Supt.,  Butte  &  Superior  Min.  Co.,  Butte,  Mont. 
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'    Davis,    Thomab ....540    30th    Ave.,    South,    Seattle,    Wash. 

Davt,  William  M.,  Ensign,  U.  S.  N.  R.  F.,  N&val  Aviation  Detaclunent, 

Mass.  Institute  of  Technology,  Cambndge,  Maes. 

DbCamp,   W.  V..- lieut.,  428th  Engineen,  Camp  Cody,   New   Mexico. 

Derby,  C.   C Box  459,   Route  B,  San  Jose,   Cal. 

Deshates,  EsNBaT  V. Dragon,  Utah, 

Deshleu,  Gboroe  0 Columbia  Gardens,  Butte,  Mont. 

Dick-Cleland,  a.  F Major,    170th  Co.,  R.   E.,   British  E.  F. 

DiETZ,  J.  H 1223  Bender  Ave.,  Cleveland,  Ohio. 

Dub,  Georob  D Franklin,  Sussex  COj  N.  J, 

Dye,  Robert  E.,  Care  Teck-Hughee  Gold  Mines,  Ltd.,  Kirkland  Lake,  Ont.,  Canada. 

Eij)HBD,  B.  E 18  East  4lBt  St.,  New  York,  K.  Y. 

Ellis,  Henat  R Min.  &  Met.  Engr.,  39  G  Street,  Salt  Lake  City,  Utah. 

Ehmel,  Rudolph 0  Glenaide  Ave.,  Jamaica  Plains,  Maes. 

EuHONB,  N.  H.,  2d,  Head  of  Operation  Division,  Air  Nitrat^  Corpn., 

Muscle  Shoals,  Ala. 

Enbbo,  Benjamin  A P.  0.   Box  772,    McGill,   Nev. 

ERDorr,  Maxwell  E.,  2d  Lieut.,  Co.  C,  602d  Engineers,  American  £.  F., 

Care  Postmaster,  N.  Y. 
Fltnk,  Francis  N.,  Asst.  Gen'l  Supt.,  Balbaoh  Smelt.  &  Refin.  Co.,  Newark,  N.  J. 
Forbes,  John  J.  V.,  Min.  Engr.,  U.  S.  Bureau  of  Mines, 

4800  Forbes  St.,  Httsburgh,  Pa. 

Gabt,  Walter  E 208   Douglas  Ave.,  Salt  Lake  City,  Utah. 

Garbido,  Manuel  F.,  Negociacioa  Misera  de  Santa  Maria  de  la  Paz, 

Avenida  Uruguay  70,  Mexico,  D.  F. 

Garrison,  Murray  E 6th  Cadet  Squadron ^llington  Field,  Houston,  Tex. 

Gazzam,  Joseph  P 5296  Waterman  Ave,,  St.  Louis,  Mo. 

Glineb,  Charles  H.,  Jr 60  N.  7th  Ave^  Hishland  Park,  New  Brunswick,  N.  J. 

GoDSHALK,  E.  G Bartleaville  Zinc  Co.,  Blackwell,  Okla. 

GooDALE,  Stephen  L.,  Capt.,  Ord,  U.  S.  A.,  Bureau  of  Mines  Bldg., 

4800  Forbes  St    Pittsburgh,  Pa. 
Greenwood,  C.  L,,  Lieut.,  Aero  Squadron,  Barracks  52,  Ellington  Field, 

Houston,  Tex. 

Gri?7ith,  William  V Min.  Engr^  Christmas,  Arii. 

GwiNN,.yAMB3W 206  Market  Ave.  E,  Kellogg,  Idaho. 

Hall,  C.  J Copper  Queen  Reduction  Works,   Douglas,  Aris. 

Hamuill,  Chester    A Box   12,   Mineral  Wells,  Tex. 

Hasdie,  A.  B Chief  Engr.,  Lavino  Furnace  Co.,  Lebanon,  Pa. 

Harris,   W.    G Supt.,   Bush  Mine,  Stewart,   B.   C,  Canada. 

Hartley,  Burton,  Capt.,  45th  Artillery,  C.  A.  C.^  37th  Brigade,  C.  A.  C, 

American  E.  F.,  Care  Postmaster,  N.  Y. 

Hastings,  John  B 133  Ida  Ave.,   Donora,   Pa. 

Haury,  p.  S 3032  Colby  St.,  Berkeley,  Cal. 

Hates,  Francis  H.,  Major,  Army  General  Staff  Collie,  A.  P.  O.  714, 

American  E.  F.,  France. 
Herusdorf,  Richard  P.  E.,  Tank  House  No.  2,  Raritan  Copper  Wks., 

Perth  Amboy,  N.  J. 
EteRR,  Herbert  T.,  Vice-Pres.,  Wcstinghouse  Electric  &  Mfg.  Co., 

Essmgton  Wks.,  Lester,  Pa. 
Herziq,  C,  8,,  Care  George  B.  Heraig,  41  West  29th  St.,  New  York,  N.  Y. 

Hickman    E.  C Asst.  Supt.,  St.  Joseph  Lead  Co.,  Herculaneum,  Mo. 

Higley,  R.  C 88  Churchill,  Detroit,  Mich. 

Hilbert,  Jerome  A 1237  8th  St.,  Santa  Monica,  Cal. 

Hill,  William  J.,  2d  Lieut.,  11th  Trainii^  Battery,  F-  A.  C.  O.  T.  8., 

Camp  Zachary  Tavlor,  Ky. 
HiFPARD,  Glemence  W.,  211  Transportation  Bldg.,  University  of  Illinois,  Urbana,  111. 

Hoffmann,  John  S 1st  Lieut.,  A.  8.  S.  C^  Gerstner  Field,  La, 

Holland,  A.  A Box  205,  Tucson,  Aria. 

HoLZHAUER,    William 30    Walnut    St.,    Milton,    Pa. 

Hook,  J.  S.,  Lieut.,  Headquarters  First  Unit,  Wilbur  Wright  Field,  Dayton,  Ohio. 
Hooker,  Brian,  Commonwealth  Bureau  of  Census  &  Statistics,  Rialto, 

Collins  St.,  Melbourne,  Australia. 

HouLE,  Albert  J Instructed  to  hold  everything. 

Howard,  Louis  Obrin,  Pres.,  School  of  Mines,  State  College  of  Washington, 

Pulhnan,  Wash. 
Howe,  Albion  8 Care  Central  Eureka  Mine,  Sutter  Creek,  Amador  Co.,  CaL 
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HowBLL,  Jebbe  v.,  leth  Trftining  Battery,  F.  A.  C.  0.  T.  S.,  Camp  Taylor,  Ky. 

HOTT,   J.   C Jerome   Jimction,   Ani. 

HsusH,  Kwzi  Li;n Old  Company'a  Club,  Lansford,  Fa. 

'NaBBBOLL,   Gut   E U.   S.   Army. 

NQLE,  Hugh  C 472d  Engineers,  7th  &  B  Sta.,  S.  W.,  W&ahiogton,  D.  C. 

BNKiNs,  Olat  p.,  Geol.,  State  Bureau  of  Mines,  Univ.  of  Arizona,  Tucson,  Arii. 

'OHNB,  AuvED  L 434th  Engineers,  Camp  Kearny,  Cal. 

[OHNSON,  F,  A 136  Breadii^  Ave.,  Ben  Avon,  Pa. 

loNEB,  S.  S.,  Min.  Eng. Box  496,  Kingman,  Aril. 

JoNKB,  THOMAa  J Pinners  Hall,  Austin  Friars,  London,  E.  C.,  England. 

Kbllet,  Arthdk  L Ray,  Ari». 

Kennedt,  Fbame  A.,  Cona.  Engr. 1006  Alworth  Bldg.,   Duluth,   Mion. 

Kbtm,  HAaKON  Edward Artillery,  U.  S.  A.,  Fort  Worden,  Wsah. 

KiNQ,  Rowland,  1st  Lieut,  Engineers,  Camp  Headquarters,  Camp  A.  A. 

Hum  phrey B,  Va. 

KiTBON.  H.  W. Ensign  (T),  U.  S.  N.,  U.  8.  6.  Delaware,  Care  Poatmaater,  N.  Y. 

KocB,  H.  E.,  Enlisted  Ordnance  Corpa,  U.  8.  A.,  Watertown  Arsenal, 

Watertown,  Masa. 

Kohl,  E.  Wiixiau,  Jb 5914a  Carpenter  St.,  Weal  Philadelphia^  Pa. 

LACHiiirMD.  OscAK Boom   S^  Paulsen  Bldg.,  Spokane,  Waah. 

Lain,  J.  B Mill  Supt^  Kennecott  Copper  Co.,  Latouche,  Alaska. 

Latsbop,  Llotd  J.,  iBt  Lieut.,  529tli  Engineers,  American  E.  F.,  Care 

Postmaster,  N.  Y, 

Lauohun,  8.  W 443  E.  Ist  So.  St.,  Salt  Lake  Qty,  Utah. 

Lawrence,  Willis,  Mgr^Oat  Hill  Quickeilver  Mines,  Middletown,  Lake  County,  Cal, 
Lewis,  Clinton  R..  .  .Candidate,  Co.  D,  Candidate's  School.  Fort  Monroe,  Va. 

Let,  Henrt  A 417  East  Locuet  St^  Inaependence,  Kansas. 

LiHiiB,  C.  B 1200  Lake  Shore  Drive,  Chicago,  111. 

LiNDHOLM,  Milton  S.,  Lieut.,  Co.  C,  109th  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Linn,  Wiluam  J lieut^P.  O.  Station  L   Congress  Hts.,  D.  C, 

LiVERUORB,  Robert 2d  Co.,  E.  O.  T.  S.,  Camp  Humphreys,  Va, 

Loo,  Panq  C. Yung  Sheng  Co.,  39  Szechuen  Road,  Shanghai,  China. 

Lton,  D.  A U.S.  Bureauof  Mines,  Pittsburgh,  Pa. 

McCaktT,  Edward  P Co.  2,  E.  O.  T.  8.,  Camp  A.  A.  Humphreys,  Va. 

McHardt,  Rot  H.,  Candidate,  Co.  C3,  Coast  Artillery  Training  School 

Fort  Monroe,  Va. 
Mact,  G.  D.,  33d  Training  Battery,  F.  A.  C.  0.  T.  8.,  Camp  Zachary  Taylor,  Ky. 

Mahonrt,  J.  N Co.  D,  39th  Machine  Gun  Battalion,  Camp  Lewis,  Wash. 

M ALL AMs/ Arthur  C Southern  Illinois  Engineering  Co.,  Herrin,  IB, 

Marble,  Ralph  N.,  Lieut.  Comdr.,  The  Marlborough,  917  18th  St.,  N,  W., 

Washington,  D.  C. 
Marshall,  Emort  M.,  Lieut.,  Ordnance  Dept.,  American  E.  F,, 

Care  Postmaster,  N.  Y, 

Mat,   Albert  E 231   Rawson  Rood,    Brookline,    Mass. 

Mead,  Richard Corp.,  Div.  C,  Section  23,  A.  P.  0.  718,  A,  E.  F.,  France, 

Miller,  Donald    G.,  Major;  4th  Engr.  Training  Regt.,  Camp  Humphreys,  Va- 

MiLLBR,     E.    A Box    425,    Harrisbure,     III. 

Moore,  Redicx  R.,  American  Smelt.  &  Refin.  Co.,  Aguascalientes,  Ags.,  Mexico. 

MoftoAN,  David Mgr.,  Verde  Combination  Copper  Co.,  Jerome,  Aris. 

Morris,  J.  T Gen'l  Mgr.,  Pemberton  Coal  &  Coke  Co.,  Affinity,  W.  Va. 

Morris,  John  M Student,  Missouri  Si;hool  of  Mines,  Holla,  Mo. 

MoaaisoN    Harold  A 5237  College  Ave,,  Oakland,  Cal. 

Morton,  Robcoe  B So.  University  St.  &  Harvard  Ave.,  Denver,  Colo. 

MuNROE,  Cearlbs  K.,  Chairman,  Committee  on  Explosive  Investigations, 

National  Research  Council,  1023  16th  8t.,  Washington,  D.  C, 
Neoru,  Jacques  S.,  8pr.,  2504000,  9th  Bat.,  Canadian  R,  R.  Troops,  Canadian  E.  F. 

Newbakeb,  Edward  J 1100  Commercial  Trust  Bldg.,  Philadelphia,  Pa. 

Nicholson,  Gboroe  £ 820  Commerce  Bldg.,  Kanaaa  City,  Mo. 

NlonuAN.  C.  Edwin 1st  Lieut.,   8ig.  R.  C.   (Aircraft  Production). 

Obero,   Anton  C 528   Manhattan   Bldg.,    Duluth,    Minn, 

OUNOEB,  R.  W 35th  Co.  Central  Machine  Gun  0.  T.  S.,  Gamp  Hancock,  Ga. 

Olivebo^  R.  P U.  S.  Army. 

Obrok,  Georoe  a..  Cons.  Ei^r 17  Batten-  PI.,  New  York,  N.  Y. 

Orteoa.  Pabi^ Calle  6  y  25,  Vedado,  Havana,  Cuba. 

Otto,  John  P 38th  Co.,  lOth  Bat.,  Camp  Upton,  N.  Y. 
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FaiiHeb,  R.  N.,  Black  Lake  Aabeatos  &  Chrome  Co.,  Black  Lake,  Quebec,  Canada. 

Pauwr,  W.  R JlOl  N.  Oregon  Ave^  El  Paso,  Texas. 

Pabsonb,  Astbur  B Butte  &  Superior  Min.  Co.,  Butt«,  Mont. 

PABBoira,  Geokge  H.,  Chemical  Warfare  Service,  Gaa  Defenae  Biv.,  Astona,  L.  I. 

PoMBROT  W.  E.,  Min.  Engr 66  Weat  44tb  St.,  New  York,  N.  Y. 

Powsix,  Donald  A.,  2d  Lieut.,  Coast  Artillery  Corps,  U.  S.  A.,  62  South, 

Ft.  Monroe,  Va. 
Prio,  Harold  C,  Lieut.,  62d  Artillery,  C.  A.  C,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Pbicb,  John  M.,  2d  Lieut.,  Air  Service  Military  Aeronautics,  Post  Field, 

Fort  SiU,  Okla. 

Ramlow,  WiLUAU  G Oilman,  Colo. 

Rankin,  Jajibb  J.,  Sgt.,  Curtis  Bay  Ordnance  Dept.,  Headquarters  Co., 

So.  Baltimore,  Md. 

Rba,  John  E Box  564,  Batesville,  Ark. 

Rkdpearn,  Albert  M Asst.  Supt.,  McCord  Mfg.  Co.,  Detroit,  Mich. 

HiBBB,  O.  F Asst.  Supt,  of  Mills,  Chino  Copper  Co.,  Hurley,  New  Mexico. 

Robinson,  H.  E Lincoln-Idatio  Oil  Co.,  Kemmerer,  Wvo. 

Robinson,  Harbt  O.,  Magnesite  Min.  ft  Mfg.  Co.,  Porlamar,  Isia  de  Marganta, 

Venenuela,  S.  A. 

RoccA,  Andrew,  Jh Pres.  A  Supt^  Western  Mercuiy  Co.,  Inc.,  Cloverdale,  Cal. 

ScBXLL,  H.  B.,  Mine  Surveyor,  Mt.  Bischoff  Extended  Tin  Miu.  Co.,  N.  L. 

Waratsh,  Tasmania. 

ScauinTE,  Curt  N 930  Broderick  St.,  San  Francisco,  Cal. 

ScHULTO,  C.  I R.  F.  D.  No.  2-74,  Puente,  Cal. 

ScoTTBN,   Frank Montana  Power  Co^   Butte,  Mont. 

SEraEHT,  Pbrct  a 905  Potomac  Ave.,  Hagerstown,  Md. 

Seno,  Chak  Kit Care  Stone  &  Webster,  Columbus,  Ga. 

Shaw,  Joseph  H 1503  Fanners  Bank  Bldg.,  Pittsburgh,  Pa. 

SHBArE,  Harry  J U.  8.  Army. 

Shearer,  Harold  K.,  Keld  Artillery  Officers'  Training  School, 

Camp  Zachary  Taylor,  Ky. 
SiRDEVAN,  William  H.,  Efficiency  Engr,,  United  Verde  Copper  Co.,  Jerome,  Ariz. 

Skirm,  J.  G U.  S.  Army. 

SuiTH,  Cecil  W Nokomis  Coal  Co.,  1380  Old  Colony  Bldg,,  Chicago,  111. 

Smith,  Frank  A 2d  Batt.,  Det.  C,  C.  W,  S.,  EdKewood.Md. 

Smith,  William  Allen 22  Paradise  Road,  Northampton,  Mass. 

Smtth,  Jorn  G.,  Capt.,  Ordnance  Dept.,  U.  8.  A.,  3323  Claremont  Ave,,  Berkeley,  Cal. 

Stalnakeb,  Randolph Beverly,  Randolph  Co,,  W.  Vs. 

Steidle,  Edward,  Capt,,  Co.  D,  30th  Engineers,  American  E.  F., 

Gate  Postmaster,  N.  Y, 

Stewart,  John  S. Co.  lA,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Stillmam,  Chablbs  A.,  Vice-pies.,  Iroquois  Iron  Co.,  HI  West  Washmicton  St., 

Chicago,  111. 
Stockwell,  R.  K.,  Gen'l  Sales  Mgr.,  Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 

New  York,  N.  Y. 
Stonb,  Georqe  C,  Non-ferrous  Metals  Div.,  War  Industries  Board, 

Washington,  D.  C. 
SrRonr,  Ernest  A.,  Mgr.,  La  Fe  Mining  Co.,  Ltd,,  Guadalupe,  Zacatccas,  Mexico. 

Sultzer,  H.  D Ist  Lieut.,  47th  Engineers,  Fort  Dodge,  Iowa. 

SwANBON,  E.  R Capt.,  Ordnance  Dept.,  Kensington,  Md. 

'  Talcott,  M.  Gardner 40  Woodland  St.,  Bristol,  Conn. 

Teas,  PiERSON 2d  Lieut.,  U.  S.  A.,  Aberdeen  Proving  Grounds,  Maryland. 

Tu,  Cbinq  Fano University  of  Utah,  Salt  Lake  City,  Utah, 

TrRNBR,  Hknrt  W Mills  Bldg,,  San  Francisco,  Cal. 

Uor,  Marvin  J Chief  Chem.,  Care  Haynes  Stellite  Co,,  Kokorao,  Ind. 

Volkeh,   H.  J Minas  Tecolotes,  Santa  Barbara,  Chic,  Mexico. 

Walter,  RatmondA Capt.,  Co,  B,  70th  Engineers,  Fort  Douglas,  Utah. 

Ward,  A.  T 5th  Prov.  Co.,  N,  A.,  Camp  Wadsworth   S.  C. 

Wedstbb,  John  P.  B.,  Mgr.,  Kyshtim  Corpn.,  Ltd..  Pinners  Hall,  Austin  Friais, 

London,  E.  C,  England. 
Weioel,  W.  M..,Supt.,  Smelt,  Dept.,  Missouri  Cobalt  Co.,  Frederic ktown.  Mo. 
WiLLETS,  Robert  H.,  1st  Lieut,,  General  Engineer  Depot,  Munitions  Bldg,, 

Room  2830,  19th  &  B  Sts.,  N,  W.,  Washington,  D.  C. 

Williams,  Edward  1 Ueut.,  U.  8.  A.,  65  South,  Fort  Monroe,  Va. 

Williams,  Fred  P.,  Min.  Engr 34  West  44th  St.,  New  York,  N.  Y. 
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WiUJAMH,  P.  T Lieut.,  Boyal  Engineers,  6tJi  Keserve  Battalion. 

Wilson,  H.  M.,  Director,  Dept.  of  Inspection  &  Safety,  The  Associated  Companies, 
801  Chamber  of  Commerce  Bld^.,  Httabuiph,  Pa. 

WiNANS,  Henkt  S Chalmere  &  Williama,  Inc.,  Chicago  Heights,  111, 

Wise,  Alfred  L.,  Ensign,  U.  S.  N.  R.  F.,  Reserve  Officers'  Quarters  A,  Room  432, 
U.  S.  Naval  Academy,  Annajwlis,  Md. 
WiSHON,  W.  W.,  Cons.  Engr.,  Bi^  Casino  Min,  Co.,  Boi  127,  Searchlight,  Nev. 
WiBSBB,  Edward  Hollister,  2d  Lieut.,  319lh  Engineen,  American  £.  F., 

Care  Postmaster,  N.  Y. 

Wolf,  Ai^ebt  G Reld  Engr.,  Mason  Valley  Mines  Co.,  Thompson,  Nev. 

WoiFARD,  O.  Ly  Lieut.  Com'dr,  U.  S.  N.,  U.  S.  S.  New  Mexico,  Care  Postmaster,  N.  Y, 
WooDwoRTH,  Got  Thomab,  361st  Ambulance  Co.^  316th  Sanitary  Train, 

Amencan  E.  F.,  Care  Poetmaeter,  N.  Y. 

Wrather,  WiLLiAil  £UBRT 6044  Bryan  Parkway,  Dallas,  Texas. 

Wright,  Fredhric  E Major,  Ordnance  Dept.,  U.  8.  A. 

Wright,  W.  R.,  Ist  Lieut.,  Ord:  R.  C,  Inspection  Div.,  Explosives  Section, 

Loading  Branch,  N.  Y.  District. 
Yarulbt,  John  L.  McK.,  Co.  B,  10th  Eogr.  Training  Rogunent, 

Camp  A.  A.  Humphreys,  Vs. 

Mbubcbs'  Addbbssbs  Wanted 
Name.  Last  address  of  R«cord  from  which  Mul  iuM  been  returned. 

AmiBTRONO,  Cliftok  T 347  Manhattan  Ave.,  New  York,  N.  Y. 

Ashuore,  E.  p. 604  Sherboume  St.,  Toronto,  Ont.,  Canada. 

Babnabd,  C.  W. North  Chicago  Hospital.  2551  N.  Clark  St.,  Chicago,  IIL 

BARNETr,  WiLUAU  J. 8  Waterloo  Place,  Fall  Mall,  London  8.  W.,  Engluid. 

Bird,    Frank   H. Butler   Hotel,   Seattle,    Waah. 

Blancbard,   Ralph  C 3  Lombard   St.,   London,    England. 

Boas,  Ross  H. Sghland  Boy  Mine,  BinKham  Canyon,  Utah. 

Breedino,    F.    O. Eden    Min,    Co.,    Bluefields,    Nicaragua. 

Brooke,  Lionel Minas  del  Tajo,  Roaario,  Sin.,  Mexiro. 

Browne,  Arthur  B. Malleable  Iron  Fittuuis  Co.^  Branford,  Conn. 

Brtant,   Georqb  W Apartado  86,  Guanajuato,  Gto.,   Mex. 

Btgrb,   Wbbaton  B. SO  Hampton  Hall,  Cambridge,  Moss. 

CoNOVER,  M.  J Hotel  Bellevue,  San  Francisco,  CaL 

Detbrt,   William  F. Jackson,  Amador  Co.,   CaL 

Eblbrs,  L.  W 2137  8t.  Louis  Ave.,  St.  Louis,  Mo. 

DeFaria,  C.  C,  Fiscal  das  Estradas,  Rua  Condo  do  Bomfim,  No.  46, 

Rio  de  Janeiro,  BratS. 

Fibldino,  Sir  Chablgb Belmont,   Faveraham,  Kent,  Ekigland. 

Fraser,  Everett  L Oro  Grande  Mines,  Callahan,  CaL 

Goldsmith.  Osher. Rolls,  Mo. 

Hbrr,  J.  Camfsbll. Box  566,  FW«te  College,  Pti. 

Hess,  K.  F , Burro  Mountain  Copper  Co.,  Tyrone,  N.  M. 

HovLAND,   Hbnrt  B Lob  Angeles  Athletic  Club,  Los  AnKeles,  CaL 

HtTNTER,  Charles,  Royal  Colonial  Institute,  Northumberland  Ave.,  London,  W., 

England. 

Hubum,   Fredrie  J.   O Westmorley  Court,  Cambridge,  ^ass. 

Kai,   David  Nbuoh Ray  Cons.  Copper  Co.,  Hayden,  Aria. 

Kino,  Frank  E Hotel  Breslin,  New  York,  N.  Y. 

Kleesaitel,  Richard 911  White  Bldg.,  Seattle,  Wash. 

Kldgbscheid,  Walter  P. 616  W.  113th  St,  New  York,  N.  Y. 

KoNSBLMAN,    AisBRT    8. Globc,  Arix. 

Mbb,  Whitnbt  p. Apt.  14,  Binklw  Apts.,  El  Paso,  Texaa. 

Miller,  Harry  H 37  So.  Stone  St.,  Tucson,  Aris. 

Morris,    John    M Rolls,   Mo, 

Nicholson,     Francis Charlotte     Court     House,    V(i. 

Raleioh,  Joseph  R. Rossville,  via  Cooktown,  Queensland,  Australia. 

Roberts,  Edward  J.,  Gen'l  Mgr.,  Nevada  Pyraniind  Min.  Co., 

Riverdde  Hotel,  Reno,  Ner. 

Ross,    Herbert    W. 314    Pacific    Ave.,    Piedmont,    Oakland,    CoL 

Simpson,    Kenneth    M 67    Post    St,    San    Francisco,    Cal. 

Sticknbt,  William  H 708  N.  Center  St,  Reno,  Nev. 

Tao,  H.  T Rolla,  Mo. 
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Tapun,  Thomas  J.,  Jr 16  LonUhip  Fuk,  London  N.  16,  Engknd. 

ToNO,  Sisa  Kow 404  W.  X16th  St.,  New  YoA/N.  Y. 

Tbk&t,  Llotd  B.,  Canadian  IngeraoU-Rand  Co.,  Bank  of  Toronto  Bldg., 

Montreal,  Canada. 

VanRcnbsblaxr,  Abthob  M 119  E.  Slat  St.,  New  York,  N.  Y. 

WiLUAMB,  John  T 100  Broadway,  New  York,  N.  Y. 

WoNo,  S.  C. Care  School  of  Mines,  Butte,  Mont. 

WoNo,    Yiw   Cbables RoUk,    Mo. 

Woo,  W.  K M  70  Sum;  Kong  Li,  Minghong  Road,  Shanghai,  China. 

Ykwell,  F.  R.,  Leiand  Stanford,  Jr.,  Umv.,  Box  1212,  Stanford  University,  Cal. 

*  Nbcboloqt 

(Sm  ilw)  "Diod  In  Strrio*") 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  month  Oct.  10,  1918,  to  Nov.  10,  1918. 
Date  of 
Election.  Name.  Date  of  Death. 

1917  Bowles,  Martin  F Sept.    3,  1918. 

1913  Engelhardt,  Ei^ene  N 1918. 

1915  Gordy,  S.  B Oct.      9,  1918. 

1873  Hartehome,  Joseph Aug.  23,  1918. 

1914  Lee,  Howard  S Oct.    25,  1918. 

1918  Nebel,  Merle  L Oct.    12,  1918. 

1906  Roeblmg,  Charles  G Oct.     5,  1918. 

1917  Smyth,  Raymond  W Sept.  27,  1918. 

1914  Troutman,  John  Hamilton Oct.     3,  1918. 

1911  Verrill,  Clarence  S 1918. 

Candidates  fob  Mehbbrbhif 

Application  fob  Mbmbebship.— The  Lutitute  denros  to  extend  its  priTileges  to 
every  penwn  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  apiactice  of  glanc- 
ing through  the  list  of  applicants  and  promp*'— ""*■'"■ — '^"  '^"—— ■*'--•—  x*=mV.=,_ 
ship,  or  the  Secretary  of  the  Institute,  of  an^ 
classified  in  accordance  with  the  list  given. 

Applications  Lacking  Endoraement 
Applications  for  membership  have  been  received  from  Mr.  Braecke 
and  Mr.  Wilkie,  whose  records  are  given  below.  These  applications 
lack  the  necessary  number  of  endorsers,  but  since  these  candidates 
live  at  some  distance  from  the  headquarters  of  the  Institute,  their  rec- 
ords are  published  here  in  order  that  any  members  who  are  acquainted 
with  them  may  be  advised  of  the  circumstancea  and  may  have  an  oppor- 
tunity of  writing  to  the  Secretary  endorsing  these  candidates. 

Members 

Gnstave  Biaecke,  Ia  Carolina,  Spun. 

Proposed  by  A.  DeDeken. 

Bom  1860,  Nieuport,  Belgium.  1886,  Grad.,  School  of  Mines,  Li^,  Beldum, 
M.  E.  and  Engr.  of  Arts  and  Manufacturers.  1887-91,  Ore-dressing  Dept.,  Hum- 
boldt Engng.  Works,  Kalk  Germany.  1891-1901,  Frospecting,  Northern  Traiisvaal; 
Mgr.,  Molyneux  mines,   Witwatecsrand,  Transvaal.     1901-03,  Mgr.,  Gwendoline 

fold  mine,  Korea.  1903-06,  Mgr.,  Mina  San  Vicente,  Sociftfi  Ia  Nouvelle  Montague, 
pain.  1906-07,  Prospecting  for  zmc,  Djendli  mine,  Arzelia.  1907-11,  Mgr.,  Ollin 
mines.  North  Spain.  1911-13,  Reporting  in  Spain  for  Soci£t6  d 'Etudes  Mini ^, 
Brussels.  1014-18,  Mgr.,  Lead  mmra,  Curas  and  Soldado,  and  Technical  Mgr., 
New  Cerdenillo,  silver-lead  mines.  La  Carolina,  Spain. 

Present  portion :  Mgr.,  Soci£t6  Curas  et  Soldado  de  Carolina. 
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CtiU  Gordon  Brink,  Tranflvaal,  So.  Africa. 

Born  1889,  Grabametown,  So.  Africa.  1900-06,  High  School.  1906-07,  St: 
Andrews  School.  1908-09,  Chem.,  Rhodes  Univ.,  Grahamatown.  1910-15,  In  S«- 
duction  Wkfi.,  Norse  Gold  Mines,  Ltd.,  JohannesburK.  1915-17,  Leading  Shiftsman, 
and  in  chg.  of  reduction  wks.,  Fairview  gold  mine,  Transvaal  Cons.  Mines. 

Present  position — 1917  to  date;  Reduction  Omcer,  Fairview  Devonian  Montrose 
Gold  Mines,  Ltd. 

Donald  Cook  WUkle,  Serembau,  Federated  Malay  States. 

Proposed  by 

Bom  1879,  Dundee,  Scotland.  Brothers'' school,  Penang,  Straite  Settlements; 
Baptists'  School,  Rangoon,  Bunaah;  Donaldson's  School,  Dundee,  Scotland;  1890- 
92,  Wallacetown  School,  Dundee,  Scotland.  1892-98,  Mechanical  and  electrical 
construction  and  repair  work;  engr.  experience;  drafting  room;  shop  at  sea,  Ross  A 
Wilkie,  Scotland.  1898-99,  Aast.  Engr.,  China  Borneo  Co.,  Ltd.,  Sandakan,  B.  N., 
Borneo.  1901-03,  Salvage  Dept.,Tangong  Pagar  Dock  Co.,  Ltd.,  Singapore.  1903- 
10,  Engr.,  Pyritical  Ore  Installation,  Sungei  Besi  recovery  of  tin  stone  from  arsenical 
and  sulphurous  ores,  The  Straits  Trading  Co.,  Ltd.,  Sungei  Besi,  Malav  States. 

Present  position — 1910  to  date:  Supt.  B^gr.,  Linggi  Plantations,  Ltd. 

The  following  persoos  have  been  proposed  during  the  period  Oct.  10, 
1918,  to  Nov.  9j  1918,  for  election  aa  members  of  the  Institute.  "Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  whom  the  Comaiittee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  {varying  in  the  discretion  of  the  Committee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Piancls  Spearman  Adams,  Anaconda,  Mont. 

[Wpcmed  Dy  Frederick  Laist,  Louis  V.  Bender,  Charles  D.  Demond. 

Bom  1881,  Sharon,  Pa.  1887-1897,  Sharon  Public  Schools.  1900-01,  Univ. 
Prep.  School,  Ithaca,  N.  Y.  1905,  Cornell  Univ.,  M.  E.  1905-08,  Steam  Expert, 
C.  F.  &  I.  Co.,  Pueblo,  Colo.  1908-10,  Asst.  Supt.,  Salem  Iron  Co.,  Leetonia,  O. 
1911,  Supt.,  Constr,,  Charleroi  Water  Co.  1911-12^  Owned  and  operated  artificial 
ice  plant.  1913-14  Engrg.  Dept^  C.  F.  &  I.  Co.,  Pueblo  Colo.  1914-15,  Engis. 
Dept.,  Anaconda  Copper  Min.  Co.  1916,  Asst.  Supt^  Power  Dept.,  Anacon<& 
Copper  Min.  Co.     1917,  Supt.,  Power  Dept.,  Anaconda  Copper  Min.  Co. 

Present  position:  Same  as  above. 

George  Edwsrd  Alderson,  Camp  A.  A.  Humphreys,  Va. 

Proposed  by  Charles  H.  Fulton,  Frank  R.  Van  Horn,  C,  B.  Murray. 

Bom  1888,  Cleveland,  Ohio.  1894-01,  Cleveland  PubUc  School.  1901-05, 
Cleveland  Central  High  School.  1905-09,  Grad.,  Case  School  of  Applied  Science, 
B.  S.  1909-10,  Chem.,  Chino  Copper  Co.,  Hurley,  N.  M.  1910-11,  Assayer,  Clear 
Creek  rain,  at  MogoUon,  N.  M.  1911-13,  Chem.,  Ducktown  Sulphur,  Copper,  Iron 
Co.,  Ltd.,  Isabella,  Tenn.  1913-15,  Night  Smelter  Supt.,  Plant  Investigator,  Nichols 
Copper  Co.,  Douglas,  Ariz.  1915-16,  Chem.,  Mm.  Engr.,  Weedon  Min,  Co., 
Montreal,  Canada,  1917-18,  Chief  Engr.,  South  American  Copper  Syndicate,  Ltd., 
London,  E.  C,  England. 

Present  position:  Student,  Engineer  Officers'  Training  School. 

WUUam  Guy  Broughton  Boydell,  Tul  Mi  Chung,  Korea. 

Proposed  by  A.  R.  Weigall,  J.  Mitchell-Roberts,  D.  W.  Leeke. 

Bom  1881,  Sidney.  Auatraha.  1899-1904,  Univ.  of  Sidney,  B.  S.  1904,  Tracking 
and  min,,  No.  1  S.  Oriental  &  Glaamire  Gold  Min,,  Gympie,  Queensland.  1905, 
Min,  and  timbering,  1905-08,  Asaayer,  Zinc  Corpn.,  Broken  HiU,  N,  S,  W.  1908, 
Timbering,  Broken  Hill  Junction,  North  mine,  N,  8.  W.  1908-13,  Assay er.  Surveyor, 
and  Asst.  Mgr,,  Hercules  Gold  &  Silver  Min,  Co.,  Tasmania.  1914-16,  Shift  Ooea, 
Kapran  copper  mine,  Korea.     1916-17,  Underground  Mgr.,  Kok  Kang  Kol  mine, 
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Gilbert  Albion  Bragg,  Thomson,  Nev. 

Proposed  by  A.  J.  McNftb,  F.  W.  Guernsey,  Walter  H.  Aldridge. 

Bom  1891,  St.  Josephj  Mo.  1912,  Grad.,  Univ.  of  Katuiaa,  B.  S.  1911-12, 
Asst.  and  Chem.,  Kaness  State  Water  Laboratory,  Lawrence,  Kana.  1912-14, 
Reaearch  Fellow,  Mellon  Institute  Industrial  Research,  Univ.  of  Pittsburgh,  hydro- 
metallurgy  of  copper,  laboratory  research.  1914-16,  Supt.,  and  Chem.,  Experimental 
Plant,  hydrometallurgy  of  copper,  Thompeon,  Nev. 

Present  position— 1916  to  date:  Senior  Eesearch  Fellow,  Mellon  Inatitute  Indus- 
trial Research,  Uaiv.  of  Pittsburgh,  charge  all  copper  metallurgy  investigations  and 
mgr.  experimental  plant,  hydrometallurgy  of  copper. 

Hamilton  Cooke,  Ji^  Butte,  Mont. 

Proposed  by  W.  N.  Roasberg,  G.  E.  Sheridan  Israel  0.  Proctor. 

Bom  1887,  Blue  Rapids,  Kans.  1912,  Grad.,  Montana  State  School  of  Mines, 
E.  M.  1912-a3,  Qerical  and  statistical  work,  Colusa  Parrot  Ore  Testing  Plant, 
Butte,  Mont.  1914,  Prospecting,  Joplin  District.  1914-15,  Clerical  and  statistical 
work,  Timber  Butte  Mill.  Co.,  Butte,  Mont.  1915-18,  Agent,  Cashier  and  Agency 
Organizer,  New  York  Life  Insurance  Co. 

Present  position:  Metallurgical  Dep^.,  Timber  Butte  Mill.  Co. 

Frank  Belln  Davenport,  Kingston,  Pa. 

Proposed  by  Paul  Sterling,  Theodore  L.  Welles,  Elmer  H.  Lawall. 

Bom  1879,  Wilkes-Barre,  Pa.  1909,  Grad.,  Lafayette  Collie,  C.  E.  1917,  Post 
Grad.,  M.  E.  1897-1900.  Mine  Engr.  Corp.,  D.  &  H.  1900-02,  Mine  Engr.,  Aitraan 
&  Auman.  1902-05,  Robt.  Ireland^  Mech.  Engr.,  Wilkes-Barre,  Pa.  1905-09, 
Iiafayette  ColRse,  Eaaton,  Pa.  1906,  Summer,  North  American  Coal  Co.,  Washery 
Co.  1907,  Smith  &  Welles,  Tunkhannock,  Pa.  1908,  North  American  Coal  Co., 
Sugar  Noteh  Washery.     1909-11,  Asst.  Mech.  En»;.,  G.  B.  Markle  Co. 

Present  position — 1911  to  present  time:  Cons.  Engr.,  at  Wiikee-Barre,  Pa. 

George  Dunglinsoo,  Jr.,  Bluefield,  W.  Va. 

Proposed  by  Thomas  H.  Clagett,  W.  W.  Coe,  John  Stewart. 

Bom  1882,  Cockermouth,  England.  1904,  Alabama  Polytechnic  Institute,  B,  S. 
1904-06,  Min.  Engr.,  Louisville  Coal  &  Coke  Co.;  Greenbrier  Coal  &  Coke  Co.; 
Piedmont  Colliery,  Goodwill,  W.  Va.  1906-08,  Min.  Engr.,  charge  of  engineerii^ 
woik,  mine  development,  construction  work,  installation  olnew  collieries,  Bramwell, 
W.  Va.  1908-12,  Member,  Car  Allotment  Commisaion;  1913-17,  Chairman,  Car 
Allotment  Commission,  Norfolk  &  Western  Railway,  Bluefield,  W.  Va. 

Present  position:  Asat.  to  General  Manager,  charge  of  fuel  mines,  Norfolk  & 
Western  Railway. 

James  L.  Pozard,  Latouc  he,  Alaska. 

Proposed  by  J.  B.  Lain,  L.  W.  Storm,  Henry  M.  Rives. 

Bora  1882,  Sonora,  Cal.  1900,  Grad.,  Berkeley  High  School.  1900-03,  Univ. 
of  California.  1904,  Power  plant,  Utica  Co.,  Angels,  CaT  1906-09,  Mine  Foreman, 
Wild  Goose  Min.  &  Trading  Co.,  Norfte,  Alaska.  1909-15,  Prospecting  and  leasing, 
northera  Nevada.  1915-16,  Shift  Boss  and  Field  Engr.,  Alaska  Gastineau  Min.  Co., 
and  B.  L.  Thane  Exploration  Dept.  1917,  Mine  Foreman  and  Field  Engr.,  Keilnecott 
Copper  Corpn. 

Present  position:  Supt.,  Beatson  Plant,  Kennecott  Copper  Corpn. 

Alexandre  Gouvy,  New  York,  N.  Y. 

Proposed  by  E.  Gybbon  Spilsbury,  A.  R.  Ledoux,  Jeaae  M.  Smith. 

Bom  1856,  Hombourg-haut,  France.  1879,  Grad.,  Ecole  Centrale  des  Arta  et 
Manufactures,  Paris,  Ing.  des  Arts  et  Manufactures.  1880-S3,  Volunteer  and  Enar., 
Blast  Furnace  and  Steel  Works,  Heaicza,  Hungary,  1884-90,  Tech.  Secy,  and  In- 
spector, Vienna,  Austria,  French  Co.  1891-93,  Sub-director,  Hutabankova  (Ground 
Steel  Works),  Poland-  1893-95,  Mgr.,  St&ies  Forges  d'Alais,  Tamaris.  1896-1900, 
Mgr.,  8l^  Komarova  (Blast  Fumaee)  Utor  (Ural). 

'        Present  position^lOOl  to  date:  Cons.  Ensr.,   St£s  Hutabankova  (for  Ruaaia); 
St£8  Paris-Outreau,  Arbel  (in  France);  St£  de  Montataire. 

Benere  Harrison  Grant,  Butte,  Mont. 

Proposed  by  Alfred  Frank,  N.  B.  Braley,  WilUam  Huff  Wagner. 

Bora  1889,  Salt  Lake  City,  Utah.  1903-07,  Salt  Lake  High  School.  191 1,  Grad., 
Utah  School  of  Mines,  B.  S.  1911-14,  Snow-Moody  Development  Co.,  Oregon  Short 
Line  R.  R.,  U.  S.  Fuel  Co.,  and  Utah  Fuel  Co.,  Salt  Lake  City,  Utah.  1914-15, 
Tranaitman,  Imperial  Irrigation  District,  El  Centro,  Cal.  1915,  Office,  General 
Exploration  Co.,  Lark,  Utah.  1915-17,  Min.  Engr.,  and  Asst.  to  Supt.,  Ohio  copper 
mine,  Bingham,  Utah.     1917-1^  Supt.,  BuUwhacker  mine,  Butte,  Mont. 

Present  position:  Supt.,  BuUwhacker  Mine  &  Mines  (^>erating  Co. 
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Leslie  James  Griffiths,  Newcastle,  N.  S.  W.,  Australia. 

Proposed  by  H.  F.  Noyea,  J,  Jobson,  David  Baker. 

Bom  1886,  Braidwood,  N.  S.  W^  Australia.  1899,  Public  School.  1899-1904, 
Broken  Hill  Technical  College.  1901,  Laboratory,  Broken  Hill  Proprietary  Co., 
"    '       " "  ""      '     ■    Chief  Chem.  and  Chief  Chem.,  Broken  mi  Pro- 


Jean  A.  Hardel,  Paris,  France. 

Proposed  by  A.  F.  Lucas,  David  White,  Philip  8.  Smith. 

Boni-lS78,  Rouen,  France.  1898-1900.  Polytechnic  School  of  Paris.  1900-03, 
French  Government  Highways  Engineers'  School.  1902,  Paris  Univ.,  B.  Sc.  1904- 
10,  Several  misMons  in  western  ^«nch  Africa  for  French  Government.  1913-14, 
Missions  in  Rumanian  oil  fields.  1914-15,  Mobilised  in  French  Navy.  191S-17, 
Managing  Engr.,  munition  plant. 

Pr^ent  position:  Counsel  Engr.,  Soci^d  de  Recherches  et  de  Forages. 

Wltold  Kosicki,  Cambridge,  Mass. 

Proposed  by  Charles  E.  Locke,  H.  O.  Hofman,  Carie  R.  Hayward. 

Bom  1884,  Padote,  Kusaia.  1905-12,  Institute  of  Emperor  Alexander  II,  M.  E. 
Met.  plant,  Satka,  Ural,  Rueeia;  met.  plant,  Kyshtim,  Russia.  1912,  Met.^ant, 
Briansk,  Russia.  1913-15,  summers,  Asst.Jilet.Constr.  and  Engr.,  Rolling  Mill  Dept., 
South  Russian  Met.  Co.  1912-15,  winters,  Institute  of  Empress  Catherine  II,  Petro- 
grad,  Russia.  1915-18,  MunitioD  Inspector,  Russian  Artillery  Comm.  Petrogr»d 
and  U.  S.  A.     1918,  summer,  Teet.  Dept.,  Anaconda  Copper  Min.  Co. 

Present  position:  Student  for  M.  S.  Degree,   Mass.  Institute  of  Technology. 

Manfred  Theo.  Hoster,  St.  Peters,  Pa. 

Proposed  by  Joseph  T.  Hillea,  J.  H.  Devereux,  H.  A.  J.  mikens. 

Bom  1385,  Wood  Ridge,  N.  J.  1908,  School  of  Mines,  Columbia  Univ.,  K  M. 
1908-09,  Practical  mine  work,  Daly  Judge  Min.  Co.,  Park  Qty,  Utah.  1909-10, 
Shift  Boss,  Alvarado  Min.  Co.,  Congress  Junction,  Arii.  1910,  Gtberal  work,  cyanide 
mill,  Socorro  Min.  Co^  Mogollon,  N.  M.  1910-12,  Mech.  Engr.,  American  Smelt.  &, 
Re&i.  Co.,  Pachuca,  Mexico.  1912-14,  Min.  Engr.,  Empire  Steel  &  Iron  Co.,  Mt. 
Hope,  N.  J. 

Present  position — 1914  to  date:  Gen'l  Supt.,  E,  &  G.  Brooke  Iron  Co. 

John  Allan  Keith  Jobson,  Malmberget,  Sweden. 

Proposed  by  Hugo  Garde,  Gustaf  wallin,  Geotg.  FMterberE. 

Bom  1883,  Varbeif,  Sweden.  1905,  Grad.,  Kungl.  Tekn.  Hogskolan,  Stockholm, 
M.  E.  1907,  Mametic  surveys  of  iron  ore,  Witherbee,  Sherman  Iron  Ore  Co.  1907- 
08,  Min.  Engr.,  Delaware  &  Hudson  Co.,  Lyon  Mountain,  N.  Y.  1909-10,  Pur- 
chasing dept.,  Kennedy,  Sahlin  Co.,  Brussels.  1911-13,  Min.  Engr.,  Mariiella  Iron 
Ore  Co.;  Spain.  1913-16,  Min.  Capt.,  A.  B.  Kallalo,  Hogheden,  Galea,  Sweden. 
1916.  Mm.  En^r.,  Luoseavaara-Kiirunavaara,  Malmbeiget. 

Present  position:  Same  as  above. 

Emery  L.  Lasier,  Washington,  D.  C. 

Proposed  by  Paul  D.  M erica  Louis  J.  Gurevich,  C.  P.  Karr. 

Bom  1889,  Washington,  D.  O.  1907-11,  12-13,  George  WashingtonTInivereity, 
A.  B.  1911-12  Special  work,  Mass.  Institute  of  Technology.  1907-10,  Various 
time^  Bureau  of  Standards,  Washington,  D.  C.  1913,  Engr.  of  Tests,  Hydro-Electric 
Co.  of  W.  Va.,  Chest  Haven,  Pa.  1912-15,  Instructor,  engrg.  subjects,  evening  tech- 
nical schools,  Washington,  D.  C.  1916  to  date,  Aast.  Material  Engr.,  Bureau  of 
Construction  and  Repair,  Navy  Dept.,  Washington,  D.  C.  1914  to  date.  Cons.  Met. 
and  Materials  Engr.,  Washington,  D.  C. 

Present  position:  See  above. 

Donald  Hugh  McDeugall,  New  Glasgow,  Nova  Scotia. 

Proposed  by  Samuel  A.  Taylor,  Joseph  W.  Revere,  Angus  W.  Macdonald. 

Bom  1879,  St.  Peters,  Cape  Breton,  N.  S.  1894,  Grad.,  High  School,  Glace  Bay 
N.  S.  1896,  Government  mining  schools,  Glace  Bay.  1895-1900.  Intemational 
Correspoodence  Schools,  course  in  mining  and  civil  engmeering.  1900-02,  Dalhousie 
College,  Halifax,  Special  mining  courses.  1897-1899,  Mine  Surveyor,  Dominion 
Coal  Co.,  Glace  Bay.  1900,  Field  Engr.,  Draftsman,  Dominion  Iron  A  Steel  Co., 
Sydney,  N.  S.  1902,  Asst.  Resident  Engr.,  N.  Y.  C.  &  H.  R.  Ry.,  New  York.  1903, 
Resident  Engr.,  D.  I.  8.  Co.,  Sydney.     1904,  Resident  Mgr.,  Wftbana  iron  ore  mines. 
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I>.  I.  3.  Co.,  NewfoundlaDd.  1908,  Supt.,  mines  and  quarriee.  Dominion  Iron  &  Stoel 
Co.,  Sydney,  N.  S.  I9I0,  Gen'l  Supt.  of  Minee:  1911,  ABst.  Gen'l  Mgr.;  1912,  Gen'l 
Mgr.,  Dominion  Coal  Co.,  Ltd.  1916,  Gen'l  Mgr,,  Dominioa  Steel  Corpn.,  mclud- 
ing  aubsidiary  companies. 

Fieeent  position:  Preaident,  Nova  Scotia  Steel  &  Coal  Co.,  Ltd. 

Fay  Haniaon  Hfller,  Anaconda,  Mont. 

Proposed  by  Frederick  Laiat,  Louis  V.  Bender,  Charles  D.  Demond. 

Bom  1889,  La  Crosse,  Wis.  1913,  Grad.,  State  CoUege  of  Washington,  B.  S.  1905- 
06,  Mine  blacksmith's  apprentice,  Richard  Mulroy,  Republic,  Wash.  1909,  Miner, 
Bunker  Hill  &  Sullivan  Co.,  Keilou,  Ida.,  shoveler,  miner  and  timberman.  1910, 
Miner,  Bunker  Hill  &  Sullivan  Co.,  KelloM,  Ida.,  same  occupations  as  above.  1911, 
Miner,  Insurgent  Leasing  Co.,  Republic,  Wash.  1912,  Asst.  Geol.,  U.  S.  Geological 
Survey,  Washington,  D.  C.  1913-14,  Operator  and  shift  foreman  cna^e  oU  flotation 
dept.,  line  concentrator,  Butte  ft  Superior  Copper  Co.,  Butte,  Mont.  1914-15, 
Shift  Foreman,  experimental  oil  flotation  plant,  Anaoonda  Copper  Min.  Co.,  Ana- 
conda, Mont.  1915,  Asst.  Testing  Engr.,  and  Chem.  Testing  Dept.,  Anaconda 
Copper  Min.  Co.,  Anaconda,  Mont. 

Present  position:  Chief  Chem.,  Anaconda  Copper  Min.  Co.,  Anaconda,  Mont. 


Bom  1890,  Nashua,  N.  H.  1908-12,  Mass.  Institute  of  Technology,  B.  8.  1912- 
13,  Chem.,  American  Smelt,  ft  Refln.  Co.,  Santa  Barbara,  Chih.,  Mexico.  1913-14, 
Engr^  Oliver  Min.  COy  Hibbiag.  Minn.  1914-15,  Chem.,  American  Smelt.  &  Refin. 
Co.,  Santa  Barbara,  Chih^  Mexico.  1915,  Engr,,  Cia  Minera  Penoles,  Ojuela,  D^., 
Mexico.     1915-18,  Awt,  Supt.,  Proyidencia  Unit,  M.  &  M.,  Mexico.     1918,  Actmg 


Joseph  St.  Germain,  Anaconda,  Mont. 

Proposed  by  Louis  V.  Bender,  F.  H.  Miller,  Charles  D.  Demond. 

Bom  1887,  Hubbell,  Mich.  1906,  Grad.,  High  School,  Lake  Linden,  Mich. 
1906-10,  Grad.,  Michkan  College  of  Mines,  E.  M.  1910-12,  Min.  Engr.,  Canadian 
Cop^r  Co.,  Copper  UiS,  Ont,,  Canada.  1912-13,  Practical  mining,  various  com- 
pames.  1913-16,  Draftsman,  Anaconda  Copper  Min.  Co^  Anaconda,  Mont.  1916- 
18,  Foreman,  siac  roaster  plant,  Anaconda  Copper  Min.  Co.,  Great  F&lls,  Mont. 

Present  position:  Asst.  Supt,,  Smelter,  Power  House,  Anaconda  Copper  Min.  Co. 


Bom  1889.  Seattle,  Wash.  1910^  Broadway  High  School,  Seattle^  Wash.  1914, 
Univ.  of  Wasnington,  College  of  Mmes.  1910-15,  Various  placer  mines  in  Alaska. 
1915-18,  Stope  Boss,  Shift  Boss,  etc.,  Alaska- Tread  well  Gold  Min.  Co.,  Treadwell, 
Alaska.  1917,  Foreman,  Bonansa  mine,  Kennecott  Capper  Corpn.,  Kennecott, 
Alaska. 

Present  position:  Mill  Foreman,  Latouche  Plant,  Kennecott  Copper  Corpn. 

Jay  Emery  Van  Gundy,  Philipsburg,  Moot. 

Proposed  by  Rush  J.  White,  James  F,  McCarthy,  William  J.  Hall. 

Bom  1883,  Deer  Lodge,  Mont.  1905,  Grad,,  Montana  State  School  of  Minee, 
B.  M.  1905,  Assayer,  Kearsarge  Min.  Co.,  Vii^inia  City,  Mont.  1906-06,  Assayer 
and  Mill  Supt.,  Crooked  River  Min.  &  Mill.  Co.,  Orogrande,  Ida.  1906-07,  Drafts- 
man and  Levelman,  Or^on  R.  R.  ft  Navigation  Co.,  Portland,  Ore,  1907-10,  Min. 
Engr.,  Federal  Min.  ft  Smelt,  Co,,  Wallace,  Ida.  1910,  Asst.  City  Engr,,  Missoula, 
Mont,  1910-12,  Mgr.,  Pioneer  Dev.  Co.,  San  Juan  Co.,  Utah.  1912-13,  Asst.  Engr., 
State  Engineer's  Office,  Boise,  Ida.  1913,  Constr,  Engr,,  Boise  King  Placers  Co., 
Boise,  Ida.  1913-16,  Min.  Engr.  Stewart  Min.  Co.,  Kellogg,  Ida.  1916-17,  Mgr, 
Montana  Manganese  Co.,  Philipsburg,  Mont. 

Present  position — I9I7  to  date:  Manganese  Ore  Purchaser,  Tennessee  Coal,  Iron 
AR.  R.  Co. 

Edward  CralgVoOrhees,  Erie,  Fa. 

Proposed  by  D,  J,  McAdam,  Jr.,  C.  F,  W,  Rys,  Hugh  P.  Tiemann. 
Bom  1878,  New  Bmnswick   N.  J.    1899,  Stevens  Institute  of  Technology,  M.  E. 
1899-1915,  Ordnance  Dept.,  Midvale  Steel  Co, 

Present  position — 1915  to  date:  Met.,  Erie  Forge  Co. 


ifl  by  Google 


liv  Monthly  Bvu-btin  No.  144.  Decembeb,  1918 

,  Edgar  Stuart  Ward,  Eagle  Pass,  Tex. 

Proposed  by  A.  Leonarz,  Fred  B.  Nold,  W.  0.  Whildin. 

Bora  1882,  Philadelphia,  Pa.  1898,  Grad.,  Public  8ohoob  of  Philadelphia,  Pa. 
1900-03,  Draftsman  and  Transitman,  J.  S.  Sillyman  &  Co.,  Min.  EttKrB.^  Altoona,  Pa. 
1904-05,  Engr.,  in  charge  installation  of  railroad  and  plant,  Bell  Jelhco  Coal  Co., 
Pineville,  Ky.  1905-06,  Chief  Engr,,  West  Kentucky  Coal  Co.,  Sturgis,  Ky.  1908- 
10,  In  busineaa  for  self  and  as  member  of  firm  of  Ward  &  Harper,  Sturgis,  Ky.  1910- 
12,  Mech.  EngTj  Sunt.,  MexicanCoal  ACokeCo.,  LasEsperanzaB,  Mexico.  1912-13, 
Conatr.  Engr.,  Republic  Iron  &  Steel  Co.,  Northern  Division,  Republic,  Pa.  1913-14, 
Coal  prospecting,  Greene  Co.,  Pa.,  and  general  engineering  practice.  1914-17, 
Charge  Block  Record  Div„  and  Unit  Costa,  Highway  Bureau,  Philadelphia,  Pa. 

Present  position:  Chief  Engr.,  New  Sabinas  Co.,  Ltd.,  Sabinas,  Coah.  Mexico. 

Wesley  Wirt  Wairea,  Butte,  Mont. 

Proposed  byW.  C.  Siderfin,  John  Hays  Hammond,  G.  D.  B.  Turner. 

Bom  1875,  Deerlodge,  Mont.  1892,  Peekskill  MiUtary  Academy.  1895,  Cornell 
Univ.  1S96,  British  American  Inconioration,  Rossland,  B.  C.  1897-98,  North  Port 
Smelt.  Co.,  Eastern  Oregon  and  Ii^ho  Districts.  1899,  California  Standard  and 
Giant  Oil  Companies.  1900-05,  Field  man,  Nevada  Tonopah  gold  field  and  southern 
Nevada.  1906-14,  California  districts  for  J.  B.  Faraker,  Jr.,  and  Montana  capitalists. 
1914-lti,  Asst.  Engr.,  Revenue  Cons.  Gold  Mines  in  Montana. 

Present  position — 1916  to  dale :  Cons.  Engr,,  Alaska  British  Columbia  Metals  Co. 


John 
Prop 


Alexander  Well,  Denver,  Colo. 

■ '     P.  H.  A^all.  Conv  T.  Brown,  Cecil  B.  Hull. 


Born  1884,  Port  Perry,  Ont.  Canada.  1909,  Grad,,  Colorado  School  of  Mines, 
E.  M.  1909-10,  Surveyman,  araftsman  and  inspector,  Arnold  Co.,  and  Denver 
Reservoir  Irrigation  Co.  1910-11,  Draftsman  Goldsboroueh  Co.,  Denver,  Coio. 
1911-12,  Asst.  Min.  Engr.,  Stratton's  Independence  Ltd.,  Victor,  Colo,  1912-13, 
IT.  S.  Reclamation  Service,  Designer  of  Structures,  Montrose,  Colo.  1913-16,  Asat. 
Engr.,  Canadian  Pacific  Railway  Co.,  Dept.  of  Natural  Resources,  Irrigation  Branch. 
Charge    "  '  " 

Prea 
N.  M. 

Lewis  Gardner  WeBteate,  Delaware,  O. 

Proposed  by  Joseph  B.  Umpleby,  B.  S.  Butler,  Heniy  G.  Ferguaon. 

Bom  1868,  Phoenix,  R.  I.  1890,  Wealeyan  Univ^  A.  B.  1891,  Harvard  Univ., 
A.  M.;  1896,  Ph.  D.  1891-94,  Survey,  northern  New  Jersey,  1900-18,  Prof,  of 
Geol.,  Ohio  Wesleyan  U^niv,,  Delaware,  0.     1913-18,  Aast.  Geol,,  U.  8.  Geol(^cft! 


Anthony  Elmer  Wlckham,  Fairfield,  Ala. 

Proposed  by  W.  D,  Armstrong,  F,  Tschudy,  Geoi^e  T,  Gambrill,  Jr. 

Bom  1888,  Philadelphia,  Pa.  1903-06,  Grad.,  Central  Manual  Training  School, 
Philadelphia,  Pa,  1906-08,  Penn,  State  College,  State  College,  Pa.  1908,  Asst. 
Eng.,  Gulf  Refin,  Co,,  Port  Arthur,  Tax.  1909,  Government  on  25  ft.  channel,  Dela- 
ware River,  Philadelphia  to  Trenton.  1909-10,  B.  S.  R.  R,,  Constr.  Work,  Resident 
Engr.  1910-12,  Constr,  byproduct  coke  plant  as  chief  of  party.  1912-13,  Associ- 
ated with  W.  D.  Armstrong  as  cons,  and  min.  engr,  1913-14,  Tidewater  Construction 
Co.,  const.,  electric  railway.  1915-16,  Chief  Field  Engry  construction  benaol  plant, 
Tennessee  Coal,  Iron  &  R,  R.  Co.  1916-17,  Chief  Field  Engr.,  byproduct  coke  plant, 
Tennessee  Coal.  Iron  &  R.  R.  Co. 


Tennessee  Coal,  Iron  &  b 


Assoeialea 


Clarence  H.  Estes,  Chicago  Heights,  111. 

Proposed  by  W.  S,  McKee,  Clement  Le  Boutillier,  W.  B.  Easton. 

Bora  1871,  High  Bridge,  N.  J,  188S,  High  Bridge  Public  School.  1889-90, 
Coleman's  Business  College  of  Newark,  N.  J.  1900-07,  Student  Mechanics,  Engrg. 
Course,  Correspondence  School  of  Mechanics,  Scranton,  Pa,  1890-93,  Book-keeper 
with  Hahne  &  Co.,  Newark,  N.  J.  1893-1905,  Pattem-maker,  Taylor  Iron  iSteel 
Co.,  High  Bridge,  N.  J.     1905-03,  Pattem-maker,  Crocker  Wheeler  Co.,  Ampere, 
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N.  J.  1906-08,  Pattern-maker,  American  Brake  Shoe  &  Fdy.  Co.,  Mahvah,  N.  J. 
1908-16,  Pattern  Foreman,  Fdy.  Supt.  and  Chief  Inspector,  American  Manganese 
Steel  Co.,  Chicago  Heights,  lU. 

Present  position:  StanoardiEation  Committee,  American  Manganese  Steel  Co. 

David  Oscar  de  Lima  Mayer,  New  York,  N.  Y. 

Proposed  by  Charles  B.  Locke,  Paul  R.  Hayward,  Frederick  O.  SUUman. 

Bom  1898,  New  York  City.  1905-11,  Public  Schools  of  N.  Y,  C.  1911,  Town- 
send  Harris  Hall,  City  College  of  New  York.  ISll-lS,  Horace  Mann  School.  1915- 
18,  Harvard  Univ.,  Massachusetts  Institute  of  Technology,  B.  S.  B.  8.  from  Harvard 
to  be  awarded  in  1919.  1915,  Inspiration  Extension  Copper  Co.  1918,  Turner  Con- 
crete Constr.  Co.     Army  Base  ConBtr.,  Bay  Ridge,  N.  J. 

Present  position;  Awaiting  induction  into  Government  Service. 

Louis  Dnane  SimpUns,  Kings  Mills,  O. 

Proposed  by  W-  H.  Bassett,  G,  M.  Fritch,  W.  M.  Corse. 

Bom  1893,  Syracuse,  N.  Y.  1912-16,  Univ.  of  .Colorado,  B.  S.  1916-17,  Univ. 
of  Colorado.  M.  S,  Specialised  in  metallography,  metallurgy.  1917-18,  American 
Smelt.  Sc  R«fin.  Co.,  Murray,  Utah.  1916-17,  Instructor,  Chemistry,  Univ.  of 
Colorado. 

Present  position:  Chief  metallurgist  and  chemist,  Peters  Cartridge  Co. 

Junior  Associates 

Jacob  Stanley  Fried,  Youngstown,  Ohio. 
Proposed  by  William  B,  Chedsey,  E.  S.  Moore,  W.  R.  Crane. 
Bom  1894,  Pittsburgh,  Pa.     1910-14,  Technical  Couree,  Alleghany  High  School. 
1915.  Pennsylvania  State  College. 
Present  position:  Student. 

fcBph  Hedding,  Tyrone,  Pa.      . 
posed  by  William  R.  Chedsey,  E.  S.  Moore,  W.  R.  Crane. 
Bom  1898,  Tyrone^  Pa.     1915-19,  Pennsylvania  State  College. 
Present  position:  Student, 

Kenneth  V.  King,  Berkeley,  Col. 

Proposed  by  Frank  H.  Probert,  Walter  S.  Morley,  Walter  S.  Weeks. 

Bom  1898,  Great  Falls,  Mont.  1814,  High  School,  Ashland,  Ore.  1916  to  date, 
Univ.  of  California.  1917,  Laboratoiy  Asst.,  Mammoth  Copper  Min.  Co.,  Kennett, 
Cal.  1918,  Inspector,  Lackawanna  Steel  Co.,  Buffalo,  N.  Y.  1918,  Chemist,  Edge- 
wood  Arsenal,  National  Aniline  Chemical  Co.,  Buffalo,  N.  Y. 

Present  position :  Student,  Univ.  of  California, 

George  LeRoy  Klingaman,  Los  Angeles,  Cal. 

PropMedby  Frank  H.  Probert,  Eraest  A.  Hersam,  W.  S.  Morley. 

Bom  1898,  Los  Angeles,  Cal.  1904-12  Public  School,  Lob  Angeles,  Cal,  1912-16, 
Polytechnic  High  School,  Los  Angeles,  Cal.  1917,  Summer,  Con.  Virginia  mine, 
Virginia  City,  Nev.     1918,  Midwest  Refin.  Co.,  Denver,  Colo. 

Present  position — 1916  to  date:  Student,  8.  A.  T.  C,  University  of  Calif omia. 

Lenn  Ping  Lee,  Houghton,  Mich. 

Propoaedby  A.  P.  Alien,  F.  W.  Spen,  J.  B.  Cunningham. 

Bora  1894,  Hong  Kong,  China.  1917-1918,  Queen's  CoUege,  St.  Stephen's  College, 
Montana  State  School  of  Mines,  Michigan  Collie  of  Minea. 

Present  position:  Student,  Michigan  College  of  Mines. 

William  Stephen  Levings,  Golden,  Colo. 

Proposed  by  J,  C.  Roberts,  Victor  C.  Alderaon,  Irving  A.  Palmer. 

Bora  1897,  Denver,  Colo.  1912-1916,  St.  Mary's  College,  St.  Marys,  Kans. 
1916-18,  Colorado  School  of  Mines.  1917,  2  months,  Rodman,  Bonanza  Min.  Co., 
building  aerial  tram. 

Present  position:  Student,  Colorado  School  of  Mines. 

Edgar  K.  Hnll,  StaU  CollM:e,  Pa. 

Proposed  by  E.  S.  Moore,  William  R.  Chedsey,  W.  R.  Crane. 

Bom  1898,  Jeannette,  Pa. 

Present  position:  Senior  Student,  Metallurgy,  School  of  Mines,  Pennsylvania 
State  Colkge. 
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Edward  ^^iiic«nt  O'Ronike,  Columbus,  O, 

Fropoeed  by  Harry  K.  Nold,  William  J.  McCaughey,  Frank  A.  Ray. 
Bom  ISSfi,  Columbus,  O.     1908-12,  High  School-Aquinas,  Columbus,  O.     1914- 
15,   Notre  Dame  Univ.,   Min.  Course,     1915-17,  Ohio  State  Univ.,  Min.  Courae. 
Present  position — 1918  to  date:  Mia.  Engrg,,  student,  Ohio  State  Univ. 

Claience  Wateon  Owings,  State  CollsBe,  Pa.. 

Proposed  by  E.  S.  Moore,  William  R.  Chedsey,  W.  R.  Crane, 

Bom  1894,  Gaitheraburg,  Md.     1014,  Machinist,  Auto  Car  Co^  Ardmore,  Pa. 
1915,  Coal  Inspector,  The  Cons.  Coal  Co^  Jenkins,  Ky.     1916,  Coal  Testing  Labora- 
tory, The  Cona.  Coal  Co.,  Fairmont,  W.  Va.     1917-18,  Same  ae  above. 
.  Present  position:  Senior,  Pennsylvania  State  College. 

Willism  Isaac  Pottelger,  State  College,  Fa. 

Proposed  by  E.  S.  Moore,  William  R.  Chedsey,  W.  R.  Crane. 

Bom  1896,  Reading,  Pa. 

Present  position:  Student,  Pennsylvania  State  College. 

Maurice  Simon,  McEees  Rocka,  Fa, 

Proposed  by  WdHam  R.  Chedsey,  E.  S.  Moore,  W.  R.  Crane. 
Bom    1898(   New    York    Qty.     1915-19,    Pennsylvania   State   CoU^e.     1918, 
Inspector,  British  War  Mission  Ordnance,  McKeea  Rocks,  Pa. 

Present  position:  Senior  student,  Min.  Engrg.,  Pennsylvania  State  College,  Pa. 

Donald  Cromer  Waldlich,  Mercersbure,  Pa,        _ 
Proposed  by  WiUiam  R.  Chedsey,  E.  f    "  " 
Bom  1896,  Merceraburg,  Pa.     Penosylvs 
mine.     Asat.  man  on  engineering  corps. 
Present  position :  Student. 

■  Paul  Weir,  Windber,  Pa. 

Proposed  by  William  R.  Chedsey,  E.  8.  Moore,  W.  R.  Crane. 

Bom  1894,  Piuutsutawney,  Pa.  1910-16,  Chainman,  Map  Draftsman,  Berwind- 
White  CoaJ  Min.  Co.,  Windber,  Pa.  1917,  Asst.  Engr  General  Engi^.  Practice, 
Johnstown,  Pa.     1918,  Engr.,  Berwind-White  Coal  Min.  Co. 

Present  position:  Student,  Pennsylvania  State  College. 

Harold  BUBworth  Woodlief,  Buffalo,  N.  Y. 

Proposed  by  J.  B.  Cumiinghamj  A.  P.  Allen,  F.  W.  Sperr. 

Bom  1892,  St.  Louis,  Mo. 

Present  position:  Student,  Michigan  College  of  Mines. 


Change  of  Staiua — Junior  to  Member 

Joseph  T.  Eu^erstein,  Shreveport,  La. 

Propoaed  by  Charles  R.  Eckes,  Alan  Bruyere,  E.  W.  Shaw, 

Bom  1892,  New  York,  N.  Y.  1898-1905,  New  York  Public  Schools,  1905-10, 
DeWitt  Chnton  High  School,  New  York,  N.  Y.  1910-13  and  14-16,  School  of  Mines, 
Columbia  University,  191»-14,  Representative,  Crown  Reserve  Min.  Co.,  Cobalt, 
Ont.,  Canada.  1914,  Sampler,  Crown  Reserve  mine.  1914,  Representative,  Cari- 
bean  cobalt  mine,  cyanide  mill,  1915,  Crusherman,  drill  helper,  miner.  International 
Nickel  Co.,  Copper  Cliff,  Ont.,  Canada. 

Present  position — 1916  to  date:  Geol.,  The  Texas  Co. 
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STANDING  COMMITTEES 

IMMINOB,  oh^rmkU. 
Utiaberihip — Kjlbl  Eilbu,  churmsn. 
^iiuRd — QsoBaB  D.  Basboh,  Bbkirmui. 
Lihnmi — E.  Oibbos  Spilkidbi.  ahunnmn. 
Faptri  and  PyiAicaUm* — Bbad1.bt  SnJDoHTOH,  nhurmBD. 
NomiiuUimi — R.  V.  Nobbi*.  churman. 
Ziuiituta  g'  tfalnti  Dititioa — Wn.LtAH  M.  CoBai,  DhauiDftn;  F»D  L.  Wolf,  (Mretuy,  Ohio  Bnua  Co. 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

JVw  Fori— Allbh  H.  RosiBa,  chairman;  W.  8.  Diceboh,  asocstary,  Tl  Bro«lwa;,  N*w  York,  N.  Y. 
Mscta  fint  Wedneadar  after  fint  Tocad^  ol  aaoh  moDth. 

Bufan— Ai.rBBD  C,  Lank,  ohdrmaDiH.  M.  BoiUTOH.aHistary-treaaiirer,  26  Abbot  Bld«.,  Cambridis, 
Mbh. 

MmU  fint  Manday  of  each  irintsr  month. 

Columbia — S.  S.  Fo-hlbh,  ohurman;  Lthdos  K.  Abhbtbohci,  werctarr-tnaaurer,  730  Peyton  Bldi., 
Spokane,  Wash. 

Holds  loui  seasioDB  duilnc  yaar.    Anoual  mHUoi  In  Saptambsr  or  October. 
Punt  iSimnil— Hbhbt  Lahdb8,  ehairmaa;  Pbbct  E.  Wbiobt,  Mor«tBry-tr«asur«r,  3013  L.  C.  Smith 
■      B!d|.,  Seattle,  Wash. 

Meeta  aecond  Saturday  of  UMh  montii. 


a  M.   MacNitll,  ahaimuui;  Fbbd  Cabboll,  Bearetary-lTeaaurer,  Stala  Capitol, 
Denver,  Colo. 
JlfonliHUi— N.  B.  Bbalt,  ohairman;  B.  B.  YoDHO.  ■eoretary-treaiurer,  E2fl  Henneay  Buiidinc,  Butte, 

Mont. 

Bm  Fraacitca — RoyH.  Eluott.  obairmani  W.  H.  Sboceuit,  Meretary-treasurer.  SStt  Waverley  Bt., 
Palo  Alto,  Cal. 

Meets  weond  Toeaday  ol  eaeh  month. 


:er,  WaahlDctau 

Chieagc — Chablbi  H.  MacDowbll.  cbairmaB;  Ebhsi  W.  Nichou,  seoretary-treMurer,  Field  Muaeum 

-,  Unirenity  of  UWh,  Salt  Lake 


I.  L.  NoBTOH,  BMtvlary-tceMUter,  Qlobe.  Aria. 

anj  Haxmr  M.  Rnsa,  Montaiy-treaauter,  210  Reno  National 

Tilta — Alt.  O.  Haaaaif,  ehairman;  Jambs  H.  Oabdhib,  teoretary-treaaurer,  Tulsa,  Okla. 
WaMneleii,  D.  C. — Hbhbbbt  C.  Hoovib,  ohairman;  Habtbt  8.  Mudd,  teoretBry-trBaaanr.  Room 

311i,  Dept.  of  Interior  Bids. 
Aftxieo  (Inatituto  Meiiaano  de  Uinaa  y  Metalurgia.) — 'Vi<n<OB  M.  Bbabcbi,  ohairman.  Committee  on 

Organisation. 

COMMITTEE  ON  ARRANGEMENTS,  NEW  YORK  (119TH),  MEETING,  1919 
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committee  on  junior  members  and  affujated 
student  societies 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

Z.  Pakmblib,  KonUiy.  Cil«i>.  <t  Utt.  Xng.,  lOth  Av*.  *  SOtli  St.,  New 


INSTITUTE  REPRESENTATIVES 

UniM  EiwtnMnit*  Socielv  7nubat— Cubub  F,  IUhd,<  W.  L.  B»ni(DBii»,i  Bbhi^iiiii  B.  Tb*t«b.« 
iwinwrin*  Foundalien — R.  M.  Rxthond.i  J,  W.  RiCBABM,  Bxhi/^mui  B.  THilBB." 

;.  Otbboh  Spii*- 

Joha  Frill  Mtdal  Board  9]  AmvO—C.  R.  Cokhiho,'  CejlBLBB  F.  Bamd,'  E.  Gibbon  SriuraiTBT.' 
Bbhjahih  B.  TuTBB.t 

P.    N.    MOOBB,.  ^ 

CammUtat  on  SlaaJarditaUiin  oj  OraphiaU  MtAodt—lvoo  Stbwuit. 
Joint  CammiOtt  en  War  JtfiiMralr— William  V.  Wbrbbvblt. 

Jakeb  R.  Fihut,  D.  C.  Jaciuho,  Hbhnbh  jEmUHOB.  C.  F, 

Halimal  Bit4areh  Couiuil — P.  N,  Moobb. 

Naial  Canntiinf  Bmrd— WiLUtH  L,  StUNDBRB,  Bbmjahin  B.  Thatbb. 


WAR  MINERAI^  COMMITTEE 

WiLLUK  YODHO  Wbbtbbvblt,  chairman.  nprewDtJiu;  A.  I.  M.  B.,  aad  M.  ai 
O,  Wbitb,  Hcistaiy,  repreKiitiiia  U.  B.  Bureau  of  Minn. 

TECHNICAL  COMMITTEES 
Iron  and  Stbel 

JosBPH  W.  RicBiBDB,  chBirmBD,  Lehigh  UBir.,  So.  Bethlehem,  Pa. 

Sub-eommiUeet 

Inm  Ort — Dwiqht  E.  Woodbbidqb,  chaiiniaD. 

Bunt  yumaca — U,  A.  Bbabbbbt,  ohidnsBD. 

SittI  Wtrki — Hehbt  D.  Hibbabd,  chaiimui. 

ilechanicat  Treaimant'-'A'  . 

Foundry — RtCHARD  Moi^BBBB,  el 

Clwmulrn.  Pkittia,  and  Milallotraptiy — Hbbbbbt  M.  Boturoh,  ohairmBB. 

'Until  F»b.,  iei».       'Until  Feb.,  1930.        'Until  Feb..  1921.        •  Until  Feb.,  1922. 
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PETROLSim    AND    GaB 
F.  L<TC*>,  shairmui;  Ia**c  N.  KHArr,  ■eontar]'. 

Coal  and  Coxe 
Sakdil  a.  TxTLon,  chalrmon:  William  E.  FoaL.  MoisUiy.  Funtn'  Buk  Bldg,,  ntuburab,  P&. 

Fbeciodb  and  Bask  Mbtals 

Charlh  W.  aooPALi,  obkirmui:  Dam»  C.  Bau>,  •HnUry.  MonUiu  SUta  School  ol  Mine*.  BotU. 


Capjm — EnWAHD  P.  Mat 
Oold  and  Silw—F.  Ltkw 
Z«(i<f— HiiHucH  O.  Hovu 


NpN-UETALLIC    MlNEBALS 
WiLUAH  C.  Pbalbk,  Hcictury,  V.  B.  Bureau  of  Minn,  Wuliin«tDD.  D,  C. 

Mining  GEOiiOar 

vioo-fihaiimui;  L.  C  Qbatoh,  Bsmatary,  Harrard  Gaolosio!  Muaeum,  Cambrida*, 

Mining  Mbtoodb 

JH,  obairman;  Binjauih  F.  Tillioh,  HHietaiy,  FiankllD  Fiunaes,  M,  J. 

MlLUNQ  MXTHODS 

iBDB,  Ebairman;  CsAaua  E.  Locaa,  iwonUry,  MiM.  lutitat*  at  THhnolocr.  Bo«l«ii, 


The  Use  op  EiiEcnucnr  in  Mines 

WiLUAK  KiLLT,  ebairman. 

Indubtrial  Oroanization 

T.  T.  RiAD,  ebairman. 

Sub-commiU«ei 
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person  at  the  meetings  of  the  Institute,  or,  as  hereinafter  provided  for,  by  tetter 
ballot. 

Src.  2.  MEMBERS  shall  comprise  all  those  persons  who  on  the  third  Monday 
of  February,  1918,  were  members  oi  the  Institute,  and  in  addition  th^eto,  all  those 
thereafter  elected  or  transferred  into  the  class  of  Members. 

MEMBERS  must  be  at  least  27  years  of  a^ge  and  must  have  had  at  least  six  years' 


Graduation  from  the  scientific  course  of  a  college,  approved  by  the  Committee  on 
Membership,  shall  be  considered  equivalent  to  two  yean'  employment,  as  required 
in  the  previous  sentence. 


Persons  employed  in  research  or  any  scientific  literary  work  or  in  teaching  in  the 
scientific  departments  of  colleges,  approved  by  the  Committee  on  Membership,  who 
attheBametimsareengBgedinconsultiii^or  in  the  active  practice  of  mining,  geology, 
or  metallurgy,  shall  be  entitled  to  consider  the  time  so  spent  in  active  practice  sa 
equivalent  to  an  equal  length  of  time  of  employment  in  positions  of  responsibility, 
provided  the  work  done  or  the  positions  held  seem  to  the  Committee  on  Membership 
to  warrant  the  equivalency. 
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original  work  in  mining,  geology,  or  metoUuisy,  or  have  won  distinction  by  research  or 
investigations  in  one  or  mors  of  these  subjects.  By  investigation  or  research  is 
understood  laboratory  experimentation  as  distinct  from  investigations  in  lit«rature 
or  compilations  of  the  work  of  others. 
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the  Committee  on  Membership,  as  prescribed  in  the  By4<awB,  and  must  be  elected 
bv  the  Board  of  Directors.  z^'  i 


The  Engineeriug  Work  of  the  National  Research  Conncil 

BT  HUNST  u.  aowE* 
(MUwaukH  Meatinc.  Oolotw,  IfilB) 

1.  The  purpose  of  the  National  Research  Council  as  organized 
for  war  purposes  is  twofold,  to  stimulate  those  outside  its  own  personnel 
to  conduct  researches  of  importance  for  winning  the  war  and  to  carry 
on  such  researches  through  its  personnel  to  a  limited  extent.  How  this 
is  done  is  explained  in- Section  10.  "Research"  is  used  here  in  a  very 
broad  sense,  including,  for  instance,  inventing  and  developing  mechanical 
and  physical  devices. 

The  need  of  this  work  arises  from  the  inevitable  concentration  of  most 
of  the  governmental  war  agencies  on  the  production  and  transportation 
of  war  materials  of  the  types  now  adopted,  as  distinguished  from  devising 
new  kinds  of  instrumentalities,  such  as  armor,  guns,  aircraft,  and  ap- 
paratus for  detecting,  locating,  observing,  signaling,  transporting,  and 
many  other  military  purposes.  But  it  is  important  that  we  should  devise 
new  agencies.  The  war  came  near  being  won  by  an  invention,  the  sub- 
marine, and  its  course  has  been  affected  greatly  by  two  other  inventions, 
tanks  and  aircraft.  In  spite  of  our  numerical  superiority  victory  may 
well  be  snatched  from  us  by  an  invention,  if  we  allow  Germany  to  out- 
strip ua  in  inventing.  Hence  the  importance  of  the  Council's  work  in 
mobilising  and  organizing  the  services  of  the  patriotic  civilian  experts 
throughout  the  country,  so  as  to  bring  their  powers  to  bear  on  important 
war  proUems  and  on  inventing  war  devices,  as  an  adjunct  to  the  develop- 
ment work  of  the  regular  governmental  bodies. 

2.  Status  of  the  Council. — Though  President  Wilson's  request  caused 
the  Council  to  be  created  by  the  National  Academy  of  Sciences  under  its 
congressional  charter  in  1916;  though  hia  executive  order  of  May  11, 
1918,  directs  the  beads  of  "Governmental  departments  immediately 
concerned"  to  "continue  to  co-operate  with  it  in  every  way  that  may 
be  required;"  and  though  the  Government  has  contributed  largely  to  its 
financial  support  (Section  12,  page  10),  it  is  not  a  department  of  the 
Government  but  an  independent  research  body,  aiming  to  evolve  the 
necessary  mechanism  for  the  novel  work  of  systematic  stimulation  and 
guidance  of  research.  Thus  the  Government,  which  instigated  the 
creation  of  the  Council,  recognizes  and  collaborates  with  it,  and  in  part 
supports  it. 

The  Council  acts  moreover  aa  the  Department  of  Science  and 
Research  of  the  Council  of  National  Defense. 

■Chairmui  of  the  Divimon  of  Engineering  of  the  Council,    i  )OQ[r 
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3.  The  war  organization  consists  of  nine  divisions,  as  follows: 

I.  Division  of  General  Relations. 

II.  Militfuy  Division. 

III.  Division  of  Enf^eerin;;. 

IV.  Division  of  PhyeioB,  Mathematics,  Astrononiy,  and  Geophysics. 
V.  Division  of  Chemistry  and  Chemioal  Technology. 

VI.  Division  of  Geology  and  Geography. 
VII.  Division  of  Medicine  and  Related  Sciences, 

Vin.  Division  of  Agriculture,  Botany,  Forestry,  Zooli^y,  and  Fisheries. 
IX.  ReseaTch  Information  Service. 

4.  Tke  Organization  of  the  Diviaion  of  Engineering. — It  is  made 
of  four  sections  as  follows: 

1.  Prime  Movers.     L.  S.  Marks,  Chairman. 

2.  Mechanical  Engineering.     W.  J.  Lester,  Chairman. 

Committee: 

Fatigue  c^  Metals.     H.  F.  Mooie,  Chairman, 

3.  Metallurgy.     Bradley  Stoughton,  Chairman. 

Committees: 

Helmets  and  Body  Armor.     Major  Bashford  Dean,  Chairvutn. 
FeiTO-AUoys.     J.  E.  Johnson,  Jr.,  Chairman. 
Steel  Ingots.    Lt.  Col.  W.  P.  Barba,  Chairman. 
]^Tometer.     George  K.  Burgess,  Chairman. 

Improvement  of  Metals  by  Treatment  at  a  Blue  Heat.     Zay  Jeffries, 
Chairman. 

4.  ESectrical  Engineering.    G.  A.  Adams,  Chairman. 

Committee  jointly  under  Metallurgy  and  Electric  Engineering;  Electric 
Wdding  and  Ships.     H.  M.  Hobart,  Chairman. 

We  expect  to  organize  additional  committees  in  the  near  future. 
These  sections  are  directed  by  an  Executive  Committee  consisting 
of  the  Chairman  of  the  Division  and  of  the  four  Sections. 
In  addition  there  is  an  Advisory  Committee  consisting  of: 

Van  H.  Manning  (  U.  S.  Bureau  of  Mines. 

Pope  Yeatman  War  Industries  Board. 

D.  W.  Brunton  Naval  Consulting  Board. 

Ambrose  Swasey  Engineering  Foundation. 

George  S.  Webster  Officially        American  Society  of  Civil  Engineers. 

Philip  N.  Moore  representing     American  Institute  of  Mining  Engineers. 

John  R.  Freeman  the  American  Society  of  Mechanical  Engineers. 

C.  A.  Adams  American  Institute  of  Electrical  Kngineeis. 

A.  A.  Stevenson  American  Society  for  Testing  Materiula. 

W.  B.  Price  American  Institute  of  Metals. 

Edward  P.  Hyde        J  t  Dliuninating  Engineering  Society. 

W.  H.  Burr  I 

Gano  Dunn 

George  C.  Stone  ...         , , 

W.R  Walker  Membem  at  large. 

F.  M.  Waring 

L.  B.  Stillwell 
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The  Advisory  Committee  meets  at  intervals  to- direct  the  general 
policy  of  the  division.  All  the  other  committees  are  actively  engaged 
on  their  several  problems,  though  one  of  them  has  been  delayed  by  ill- 
ness and  other  complications. 

5.  The  sources  of  our  problems  are  very  varied.  Some  come  from 
various  governmental  bodies,  some  from  the  industries  and  the  engi- 
neering societies,  some  from  inventors  and  the  general  public,  and  some 
from  our  own  stafiE. 

Problems  and  projects  the  solution  and  development  of  which  promise 
to  be  useful  either  for  war  or  peace,  for  industry  or  for  science,  are  our 
grist.  By  sending  them  to  us  this  Institute  and  the  engineering  profes- 
sion in  general  will  enable  us  to  broaden  our  service  to  them,  and  indeed 
to  mankind.  So,  too,  we  welcome  offers  of  cooperation  from  professional 
experts,  whether  through  work  done  in  their  libraries  and  laboratories, 
through  sending  us  important  data,  or  otherwise. 

6.  Researches  by  Experts  Outside  of  our  Personnel. — Let  me  illus- 
trate these  by  means  of  certain  researches  which  the  Section  of  Met- 
allui^  has  in  hand. 

The  winning  of  the  war  is  retarded  appreciably  by  the  delay  caused 
by  the  rejections  in  making  certain  important  kinds  of  foldings,  such  as 
shells,  crankshafts,  cannon,  etc.  These  rejections  are  due  chiefly  to 
faulty  procedure  in  making  and  forging  the  steel  ingots  themselves. 
The  faultin^s  exists  because  the  rapid  increase  in  the  demand  for  such 
ingots  has  led  many  into  this  manufacture  without  sufficient  experience. 
The  problem  thus  is  "How  can  we  bring  the  procedure  of  the  relatively 
inexperienced  up  to  that  of  the  best  makers?"  We  are  trying  to  solve  it 
by  means  of  our  Steel  Ingot  Committee,  composed  of  men  who  are  recog- 
nized by  all  as  among  the  most  capable  experts  on  this  subject  in  the 
world,  under  the  chairmanship  of  Lieutenant-Colonel  W.  P.  Barba,  him- 
self one  of  the  highest  authorities.  It  contains  representatives  of  the 
Ordnance  Department,  the  Bureaus  of  Standards  and  of  Mines,  Beth- 
lehem, Midvale,  the  United  States  Steel  Corporation,  the  Illinois  Steel 
Company,  the  Crucible  Steel  Company  of  America,  and  the  Standard 
Steel  Company.  We  may  strengthen  this  committee  still  farther  by 
adding  to  it  French  and  British  experts  of  like  eminence. 

We  expect  this  committee  to  prepare  a  set  of  detailed  directions 
constituting  "Recommended  Practice."  Appearing  over  names  of  such 
weight  it  should  immediately  become  standard.  Its  existence  should 
not  only  instruct  the  manufacturers  needing  instruction,  thus  reducing 
the  personal  equation  to  a  minimum,  but  also  strengthen  the  hands 
both  of  those  drawing  up  contracts  and  of  the  inspectors  who  enforce 
them.  Moreover  it  should  do  this  at  one  motion  for  all  branches  of  the 
Government. 

7.  Pyrometry. — One  of  the  points  on  which  definite  instruction  should 
be  given  for  this  very  matter  of  ingot  making  is  the  temperature  of  the 
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molten  metal  in  the  open-hearth  and  electric  steel  furnaces.  Because 
Qo  pyrometer  for  determiniiig  this  temperature  exists,  a  necessary  step 
in  our  evolution  is  to  devise  one.  This,  though  in  pEirt  a  question  of 
p]rrometry,  is  also  in  large  part  one  of  refractory  materials. 

To  solve  this  problem  a  committee  has  been  formed  under  the  chair- 
manship of  Dr.  George  K.  Burgess,  of  the  Bureau  of  Standards,  and  with 
representatives  of  Leeds  &  Northrup  for  pyrometry;  of  the  Norton 
Company,  the  Joseph  Dixon  Crucible  Company,  and  the  Harbison- 
Walker  Refractories  Company  for  refractory  materials;  and  of  the  Mid- 
vale  Steel  and  Ordnance  Company  and  the  Taylor  Wharton  Iron  and 
Steel  Company  for  steel  making.  These  two  steel  making  companies 
have  placed  their  open-hearth  and  electric  furnaces  at  the  disposal  of 
the  committee  for  this  work. 

8.  Our  other  committees  are  working  in  like  manner  on  problems 
of  immediate  importance  for  war-winning.  Thus  the  Committee  on  the 
Fatigue  of  Metals,  under  Professor  H.  F.  Moore,  of  the  University  of 
niinojs,  is  directing  its  study  toward  the  endurance  of  aircraft  crank- 
shafts and  of  the  electric  welds  in  welded  ships.  That  on  Ferro-alloys, 
under  J.  E.  Johnson,  Jr.,  is  studying  the  saving  of  manganese  along  three 
distinct  lines,  that  of  bringing  the  work  of  the  least  successful  smelters 
up  to  that  of  the  most  skillful  ones,  that  of  replacing  part  of  the  mangan- 
ese used  in  steel  making  with  other  deoxidizing  agents,  and  that  of  lower- 
ing the  manganese  requirements  of  existing  engineering  specifications. 
This  work  incidentally  calls  for  the  determination  of  many  melting 
points  of  the  combinations  of  oxides  resulting  from  the  substitution  of 
other  deoxidizing  agents  for  manganese.  A  large  number  of  research 
laboratories  at  many  educational  institutions  and  industrial  works  are 
collaborating  in  this  difficult  work. 

This  general  study  is  carried  on  jointly  by  this  committee  and  the 
United  States  Bureaus  of  Mines  and  of  Standards  and  the  Geophysical 
Laboratory. 

The  study  of  the  treatment  of  metals  at  a  blue  heat  is  in  the  hands  of 
a  committee  headed  by  Dr.  Zay  Jeffries,  Director  of  the  Research  De- 
partment of  the  Aluminum  Castings  Company,  which  has  contributed 
BO  much  to  the  development  of  our  aircraft.  This  difficult  study 
promises  results  of  great  value. 

9.  Electric  Welding. — The  Committee  on  the  Electric  Welding  of 
Ships,  under  the  chairmanship  of  Mr.  H.  M.  Hobart  of  the  General  Elec~ 
trie  Company,  is  making  an  exhaustive  study  of  the  technical  and  es- 
pecially the  metallurgical  problems  which  arise  in  substituting  electric 
welding  for  the  customary  riveting  of  steel  ships.  It  is  a  division  of  the 
Electric  Welding  Committee  of  the  Emei^ency  Fleet  Corporation.  Its 
investigations  are  carried  on  at  many  different  works  and  laboratories, 
notably  those  of  the  General  Electric  Company  and  the  Bureau  of 
Standards.  ^--  t 
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10.  Researches  by  oxff  own  ■persotvrxl  are  ilhiatrated  by  the  Section 
of  Mechamcal  Engineering,  under  Chairman  Lester.  It  has  long  had  its 
own  engineers  and  draftsmen,  and  it  now  has  in  addition  the  laboratories 
and  machine  shop  of  the  Carnegie  Institute  of  Pittsburgh.  By  means  of 
these  the  rather  nebulous  but  attractive  inTentiona  offered  us  are  devel- 
oped in  cooperation  with  the  Division  of  Physical  Sciences,  into  definite 
concrete  form,  in  which  the  military  authorities  may  judge  quickly  as  to 
their  present  and  future  utility.  In  some  cases  we  complete  the  appara- 
tus fully  enough  for  actual  service  tests. 

Among  the  inventions  which  this  section  is  now  developing,  in  part 
in  cooperation  with  the  Division  of  Physics,  are  these: 

1.  A  special  gun  for  use  on  aircraft. 

2.  A  Bpeciftl  drive  connected  with  it. 

3.  Control  for  (urcroft. 

4.  Aircraft  propellerB. 
G.  Aircraft  fuel. 

6.  Tanlu  of  various  types. 

7.  Mechanism  for  the  control  of  trucks. 

8.  Special  type  of  tractors. 

9.  Special  telescopes. 

10.  Special  balloons. 

11.  ParachutM. 

12.  Special  aircraft  motois. 

Military  considerations  prevent  indicating  more  closely  the  nature 
of  these  inventions. 

The  stages  in  which  these  devices  now  are  vary  all  the  way  from  pre- 
liminary design  to  nearly  complete  readiness  for  production. 

In  addition  we  have  before  us  many  other  promising  proposals  which 
we  cannot  develop  for  lack  of  funds. 

11.  Gmemm&nt  Support. — In  some  cases,  after  we  have  shown 
clearly  enough  that  a  given  invention  is  of  real  promise,  we  receive  an 
appropriation  from  some  military  or  other  governmental  body  to  enable 
us  to  carry  the  development  still  farther.  In  other  cases  the  research 
is  taken  over  by  some  governmental  body.  Thus  the  work  of  the  Com-  • 
mittee  on  Helmets  and.  Body  Armor  was  taken  over  by  the  Ordnance 
Department  many  months  ago,  and  Is  still  carried  on  by  that  organists 
tion  and  the  Council  jointly,  its  chairman,  Dr.  Bashford  Dean,  being 
commissioned  as  a  major.  This  accords  with  our  general  aim  of  originat- 
ing and  stimulating  research.  We  shall  accomplish  more  in  the  end  if 
we  leave  to  others  the  completion  of  the  researches  which  we  have  led 
them  to  undertake.  Our  work  is  not  so  much  to  investigate  as  to 
cause  LDvestigation,  cheeriuUy  forfeiting  the  credit  due  the  investigator 
proper.  So,  too,  a  device  may  be  materially  changed  after  it  leaves 
our  hands. 
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BT  BAUCXL  L.  BOTT,*  MINHKAPOLia,   MINN. 

(MUmukH  Msetinc.  Ostobsr,  161S) 

The  writer  has  long  been  interested  in  seeking  an  explanation  of  the 
upper  heat  effect  in  the  copper-tin  alloys  over  the  a  +  $  range,  first 
described  in  1913.  These  notes  are  offered,  not  at  all  as  the  final  explana- 
tion of  thia  heat  effect,  but  rather  to  indicate  certain  progress  which 
has  been  made  toward  establishing  what  happens  over  this  temperature 
interval. 

While  working  on  the  thermal  analysis  of  the  copper-rich  kalchoids 
(copper-tin-zinc  alloys),  it  was  noted  that  those  alloys  containing  major 
portions  of  tin  and  minor  portions  of  zinc  exhibited  two  marked  heat 
effects,  one  at  about  520°  C.  and  the  other  at  about  600°  C,  instead  of  the 
single  effect  which  is  generally  observed  in  either  of  the  two  binary  series. 
This  matter  was  discussed  with  Dr.  Guertler,  who  suggested  that  a  heat 
effect  at  about  600°  C.  in  the  pure  copper-tin  aUoys  might  be  expected. 
Thia  led  to  a  more  searching  examination  of  the  thermal  critical  points 
in  the  pure  copper-tin  alloys,  with  the  result  that  a  marked,  although 
somewhat  weak,  heat  effect  was  located  at  about  600°.  Somewhat  later, 
this  upper  heat  effect  was  discussed  with  Dr.  Burgess,  and  it  was  re- 
quested that  the  Bureau  of  Standards  make  heating  and  cocking  curves 
of  one  of  these  alloys  for  the  purpose  of  removing  any  possible  doubt 
as  to  the  actual  presence  of  the  heat  effect.  Results  obtained  by  the 
Bureau  are  given  in  Plate  I. 

In  an  earlier  paper^  differential  curves  were  published  showing  that 
the  heat  effect  occurred  at  constant  temperature  over  the  a  +  fi  range 
and  increased  in  magnitude  with  the  amount  of  |3  up  to  a  point  somewhat 
above  20  per  cent.  tin.  No.  heat  effect  was  noticed  at  this  temperature 
in  the  eutectoid  alloy. 

The  existence  of  this  heat  effect  seems  to  require  a  modification  of  the 
present  copper^tin  diagram  in  the  a  +  fi  field,  and  it  has  been  the  object 
of  the  work  here  presented  to  secure  the  evidence  upon  which  such  a 
change  should  be  based. 

*  School  of  Mines,  Uoiveraity  of  MiuneBota. 

'■S.  L.  Hoyt:  On  tbe  Copper-rich  Kftlohoids.  Jtd.  Inat.  Metals  (No.  3,  1913) 
10.236. 
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Inasmuch  as  this  upper  heat  effect  is  much  more  marked  in  the 
ternary  alloys,  and  is  probably  due  to  the  same  cause,  a  small  bar,  4 
in.  (10.16  cm.)  long,  of  an  alloy  75  Cu,  15  Sn,  10  Zn,  was  heated  over 
its  entire  length  to  a  temperfCture  of  about  700°  C,  or  well  above  the 
upper  beat  effect.  The  bar  was  then  slowly  moved  along  to  the  cooler 
portions  of  the  furnace,  and  finally  partially  removed  from  the  furnace  so 
as  to  cause  the  temperature  of  one  end  to  fall  gradually  from  700°  C.  to 
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about  400°  C,  while  the  temperature  of  the  other  end  remained  about  as 
before.  The  bar  was  held  in  this  condition  for  8  hr.  and  then  suddenly 
quenched  in  cold  water.  One  side  was  ground  down,  polished,  and  etched 
with  ferric  chloride. 

As  was  expected,  the  complete  transition  from  the  high-  to  the  low- 
temperature  modifications  could  be  observed.  These  are  reproduced  in 
Fig.  I  to  6.  Fig.  1  shows  the  high-temperature  modifications,  which 
may  be  called  a  and  0.    At  a  position  corresponding  to  a  somewhat 
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Fio.  5.  Fio.  6.— Cool  end, 

Fia,  1-8. — Allot  7S  cv,  15  sn,  10  zn.    Etched  with  fbbbic  chlobidi.    X  800. 
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lower  temperature,  a  well  defined  reaction  rim  is  formed  between  a  and  fi. 
At  a  still  lower  temperature  this  reaction  rim  baa  grown  somewhat,  while 
smaller  crystals  of  the  new  phase  have  formed  at  the  central  parts  of  the 
.original  fi  constituent.  While  this  new  phase  has  the  appearance  of  being 
a  reaction  rim,  it  must  be  conceded  that  proof  that  it  is  such  is  yet  lack- 


Fio.  7— X  100. 

Fia  7-8.— Aiior  79  en,  21  bn.    Qi 

Etchid  with 


X  tFFPEB  HBAT  II 


FiQ.  9. — Etchbd  with  febbic  Fio.  10. — Etched  with  cupbic 

CHLORIDB.      X  100.  CHLOBIDK.      X  800. 

Fio.  9-10. — Ali^t  79  en,  21  bn.    Quenched  fbom  between  the  upper  and 


ing.  At  a  position  still  further  toward  the  cold  end,  we  find  additional 
complication  in  the  succession  of  phases.  The  reaction  rim  has  en- 
croached still  further  upon  the  original  B  constituent  but,  in  turn,  has 
given  way  to  a  fourth  phase  which,  like  the  third,  la  light  gray  in  color, 
the  a  being  yellow  and  the  0  being  brown,  on  etching  with  ferric  chloride. 
The  four  phases  are  shown  very  clearly  in  Fig.  4. 
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In  Fig.  5,  which  sbowB  a  field  still  further  toward  the  cold  end,  we 
find  the  beginning  of  the  formation  of  the  eutectoid  structure)  with  the  last 
traces  of  the  original  reaction  rim,  or  possibly,  in  exceptional  cases,  of 


Fig.  11,— Allot  75  en,  25  bn.  Fio,  12. — Allot  75  cu,  25  en. 
QnBNCHBD  rBOM  above  thb  uppeb  Quenched  from  bbtvbsm  the  up- 
critical  POINT.  Etcbbd  with  Rosen-  per  and  lower  critical  points, 
bain's  rbaoent.    X  75.  Etched      with      cufkic     chloiude. 

xioo. 

the  original  (9.  Apparently,  at  this  point,  what  was  originally  the  reac- 
tion rim  changes  over  into  the  eutectoid.  At  a  point  shghtly  nearer  the 
cold  end,  as  in  Fig.  6,  we  find  the  normal  structure  of  the  slowly  cooled 


Fio.     13.— Allot    75    co.    25    aw. 
Quenched  from  between  the  upper 

AND  LOWER  critical  POINTS.      ETOHED 

with  cupsic  cbloridb.    X  800. 

alloy,  except  that,  instead  of  there  being  three  generations  of  a,  there 
are  now  only  two,  presumably  the  first  and  the  second. 

It  would  do  Uttle  or  no  good  to  attempt  to  analyze  the  structural 
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cbangeB  from  the  point  of  view  of  the  phase  nile,  inasmuch  as  we  are 
quite  evidently  not  dealing  with  stable  equilibria.  Aa  an  explanation 
of  the  two  well  defined  heat  effects  exhibited  by  this  alloy,  these  photo- 
graphs also  offer  Httle  that  is  eii%hteniDg.  Thus  it  seems  apparent 
that  the  tin-rich  constituent  of  the  eutectoid  may  make  its  appearance 
prior  to  the  actual  formation  of  the  eutectoid,  which  certainly  is  not  in 
accordance  with  our  ideas  of  eutectoid  formation. 

,  Two  pure  copper-tin  alloys,  one  containing  a  considerable  proportion 
of  excess  a  and  the  other  only  a  slight  amount,  were  quenched  in  water 
from  above  the  upper  critical  point  and  from  between  the  upper  and 
lower  critical  points  respectively.  The  results  obtained  are  shown  in 
^g.  7  to  13.  Fig.  7  and  8  show  the  customary  a  and  p  phases.  Fig. 
9  and  10,  except  for  the  larger  amount  of  a,  show  the  same  structure, 
i.e.,  a  +  fi.  Fig.  10  shows  the  effect  of  etching  with  cupric  chloride, 
which  reverses  the  action  of  ferric  chloride  and  attacks  the  a  instead  of 
the  fi.  A  similar  structure  is  obtained  by  preliminary  heating  to  above 
the  upper  critical  point  prior  to  holding  the  temperature  constant  be- 
tween the  critical  points. 

In  the  course  of  this  work,  a  fair  idea  of  the  conditions  which  lead  to 
the  formation  of  the  second  and  third  generations  of  a  has  been  obtained. 
These  two  generations,  both  found  in  eutectoid  structures,  were  described 
in  the  paper  already  referred  to,  the  alloy  being  a  ternary  alloy  of  copper, 
tin  and  zinc.  The  same  occurrence  in  the  binary  copper-tin  alloys  is 
shown  in  Fig.  14. 

Discussion 

Paul  D.  Mbhica,*  Washington,  D.  C.  (written  discussiont). — 
Investigation  that  has  for  its  purpose  the  determination  of  the  con- 
stitution of  the  alloys  of  copper  with  tin  and  with  zinc  is  not  only  of 
much  scientific  interest,  but  will  serve  a  very  practical  purpose  as  well. 
The  constituents,  with  which  the  anomalous  heat  effects  discovered  by 
the  author  are  undoubtedly  associated,  are  to  be  found  in  commercial 
brasses  and  bronzes,  and  can  exert  a  profound  effect  upon  their  mechanical 
properties,  although  present  in  relatively  small  proportion. 

Thus  in  a  recent  article'  it  was  shown  that  a  sample  of  commercial 
naval  brass  rod,  which  normally  consists  of  a  and  0  grains,  developed 
envelopes  of  the  so-called  S  constituents  around  the  fi  grains  upon  heating 
to  330"  to  430°  C.  The  effect  of  this  new  constituent  upon  the  tensile 
properties  of  the  rod  was  most  striking;  the  elongation  in  2  in.  was  re- 
duced from  about  35  per  cent,  to  from  21  to  26  per  cent. 

*  Metallurgist,  U.  S.  Bureau  of  Standards. 
t  Iteceived  Oct.  8,  1918. 

■  P.  D.  Meriea  and  L.  W.  Schad :  Thermal  ExpansioD  of  Alpha  and  of  Beta  Braas. 
JtU.  Am.  Inst.  Metals  (1917)  11,  39e. 
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It  is  therefore  apparent  that  in  wrought  brasses  of  similar  com- 
I>OBition,  containing  tin,  there  is  the  very  unpleasant  possibility  of 
developing  this  S  constituent  by  annealing,  and  thus  spoiling  the  material. 
It  becomes,  thus,  a  matter  of  the  utmost  importance  to  determine  the 
temperature  limits  of  the  appearance  and  disappearance  of  this  con- 
stituent, and  indeed  to  clear  up  the  whole  vexing  question  of  its  identity 
and  relation  to  the  constitution  of  the  ternary  alloy  system. 

A  most  significant  feature  of  this  S  constituent  is  its  development, 
possibly  as  a  peritectoid  at  the  edge  of  the  fi  grains,  forming  a  brittle 
envelope  around  them.  It  is  undoubtedly  a  constituent  to  be  avoided  if 
possible,  although  I  have  tested  wrought  brass  containing  it  in  granular 
form,  which  was  of  most  excellent  mechanical  properties. 

I  should  like  to  ask  the  author  whether  he  is  aware  of  the  existence  of 
this  constituent  in  commercial  casting  bronzes,  such  as  the  well  known 
88-10-2  bronze,  and  of  its  effect  upon  the  mechanical  properties  of 
such  bronze. 

I  am  most  interested  in  this  line  of  work  and  shall  hope  that  the 
author  will  not  overlook  the  practical  application  of  it. 
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Bronie  Beaiing  Hetals 

G.  H,  Claheb,*  Philadelphia,  Pa. — Unfortunately,  prior  to  the  war 
□o  serioua  attention  was  given  to  the  conservation  of  tin,  notwith- 
standing that  this  country  is  practically  dependent  upon  outside  souroea 
for  its  entire  tin  supply. 

Tin  is  of  vital  importance  in  many  industries,  but  it  is  surprising  how 
many  and  how  excellent  are  its  substitutes  when  we  become  acquainted 
with  them.  Tin  has  always  been  a  relatively  high-priced  metal,  and  it 
is  part  of  the  human  attitude  to  associate  high  prices  with  high  standards; 
it  is  not  until  the  price  of  a  commodity  becomes  well-nigh  prohibitive 
that  we  hunt  for  substitutes,  because  the  idea  of  substitution  seems  al- 
ways to  involve  an  assumption  that  the  substitute  must  necessarily  be 
inferior. 

The  history  of  the  development  of  bearing  bronzes  is  a  striking  exam- 
ple of  this  policy.  In  the  early  days,  copper-tin  alloys  were  almost  uni- 
versally used,  the  idea  then  being  prevalent,  which  is  still  held  by  many, 
that  a  bearing  to  resist  wear  must  be  hard,  and  the  harder  the  better.  The 
favorite  bronze  bearing  contained  90  per  cent,  copper  and  10  per  cent,  tin; 
frequently,  in  service  which  was  considered  severe,  even  higher  propor- 
tions of  tin  were  used.  Such  hard  alloys  have  great  resistance  to  com- 
pression, but  as  a  rule  they  had  a  very  wide  factor  of  safety  in  this 

•  Krst  Vice-president  and  Secretaiy,  Ajax  Metal  Co, 
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respect.  Such  bearings,  because  of  their  inability  to  adjust  their  surfaces 
to  Blight  irregularities  in  the  journal,  or  to  foreign  bodies,  inunediately 
begin  to  cut,  and  heating  results.  With  a  slight  rise  in  temperature, 
the  film  of  lubricant  becomes  thinner,  and  further  cutting'  follows,  if 
not  actual  gripmeut  of  the  bearing  with  the  journal. 

Many  years  ^o,  Dick,  of  England,  appreciating  the  advantage 
to  be  derived  from  a  slight  plasticity  in  a  bearing,  added  some  lead  to 
the  then  standard  bearing  metal,  not  substituting  lead  for  tin  but  re- 
ducing the  copper,  and  produced  the  alloy  which  has  long  held  favor 
as  a  bearing  metal,  t.e.,  copper,  80;  tin,  10;  lead,  10  per  cent.  Dick's 
alloy  also  contained  some  phosphorus,  but  the  main  point  ia  that  this 
was  the  first  etep  toward  the  production  of  bronze  alloys  having  a  plaa- 
tic  nature.  Lead  does  not  unite  to  form  an  alloy  with  copper,  but  re- 
mains mechanically  tnixed,  so  that  the  structure  of  the  alloy  is  that  of  a 
hard  matrix  with  the  soft  metal  imbedded  therein. 

It  was  not  until  several  years  later  that  tests  were  conducted  on  the 
Pennsylvania  Railroad,  under  the  direction  of  Dr.  C.  B.  Dudley,  who 
investigated  the  copper-tin-lead  series  within  certain  limits  of  the  80- 
10-10  alloy;  he  studied  not  only  the  alloys  containing  lead  above  10  per 
cent,  in  which  copper  was  replaced  by  lead,  but  also  in  which  tin  was  re- 
placed by  lead.  His  conclusions,  which  have  since  become  firmly  es- 
tablished, are:  (1)  The  rate  of  wear  diminishes  with  increase  of  lead  in 
the  alloy.  (2)  The  rate  of  wear  dimimshes  with  decrease  of  tin  in  the  al- 
loy. Fortunately,  the  alloy  containing  least  tin  and  highest  lead  exhibits 
least  tendency,  in  service,  to  give  trouble  from  heatii^. 

Notwithstanding  the  decided  merit  of  copper-tin  bearings  contain- 
ing lead,  prejudice  was  stroi^ly  against  them,  Bimply  because  lead  is  a 
low-priced  metal.  It  was  even  intimated  that  such  alloys  were  frauds, 
should  be  considered  such,  and  dealt  with  accordingly. 

I  have  mentioned  Dr.  Dudl^s  discoverieB  because  it  was  due  to 
his  findings  that  we  instigated  research  work,  now  20  years  E^,  which 
has  led  to  the  production  of  alloys  still  higher  in  lead  and  lower  in  tin 
than  those  which  he  was  able  to  produce.  He  experienced  foundry 
difficulties  which  apparently  limited  his  maximum-lead  alloy  to  77  cop- 
per, 8  tin,  and  15  lead.  This  was  called  Experiment  B  alloy,  and  has  since 
been  widely  known  aa  "Ex,  B  metal" 

Having  due  regard  to  the  raw  materials  used,  and  by  following  good 
foundry  practice,  we  have  been  able  to  produce  alloys  carrying  5  per  cent, 
of  tin  and  as  much  a,a  30  per  cent,  of  lead  which  would  show  no  s^re^a- 
tion  of  lead,  even  if  cast  into  large  bearings.  By  this  I  mean  that  such 
bearings  will  show  no  indication  of  metallic  lead  upon  &ny  surfaces. 
Lead  being  only  mechanically  held  in  the  alloy,  it  is  prevented  from  segre- 
gatii^  only  by  the  quick  setting  of  the  matrix  of  copper  and  tin.  Aa  a 
certain  interval  must  necessarily  occur  between  the  lime  when  the  metal 
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enters  the  mold  and  the  time  when  it  solidifies,  the  lead  always  shows  some 
tendency,  owing  to  its  high  specific  gravity,  to  liquate  toward  the  bottom 
of  the  casting.  In  bearings  made  of  the  proper  raw  materials,  and  cor- 
rectly handled,  the  difference  in  the  proportion  of  lead  is  not  luually 
over  a  fraction  of  1  per  cent.,  or  at  most  2  or  3  per  cent.,  between  the  top 
and  the  bottom  of  a  casting,  even  if  this  be  a  fairly  large  one,  and  made 
of  the  30-per  cent.  lead  alloy. 

I  do  not  wish  to  repeat  here  data  which  I  have  given  in  previous 
papers'  but  I  do  wish  to  set  forth  the  position  which  the  high-lead  and 
low-tin  alloys  developed  by  us  have  attained.  When  these  alloys  were 
first  produced  they  were  backed  only  by  laboratory  tests  and  by  the 
predictions  of  Dr.  Dudley  that,  if  such  alloys  could  be  commercially  pro- 
duced, the  law  which  he  established  would  no  doubt  apply  also  to  alloys 
higher  in  lead  and  lower  in  tin  than  those  which  he  had  developed.  It  is 
now  possible  for  me  to  review  18  years'  experience  with  the  manufacture 
and  service  of  such  bearings.  I  must  confess  that  in  our  enthusiasm 
over  the  valuable  properties  of  these  alloys,  we  were  led  at  times  to  over- 
step the  mark  and  place  such  bearings  in  service  where  the  loads  or  the 
impacts  were  too  great. 

The  first  requisite  of  a  bearing  is  that  it  shall  be  sufficiently  hard  to 
support  its  load  or  to  resist  the  impacts  to  which  it  may  be  subjected,  and 
the  relation  of  tin  to  lead  must  be  controlled  by  this  requirement.  We 
have  sometimes  made  mistakes  in  recommending  the  copper  65,  tin 
5,  lead  30  alloy  for  certain  mill  bearings;  this  did  not  have  sufficient 
resistance  to  compression,  and  failed  for  that  reason.  When  the  copper 
73,  tin  7,  lead  20  alloy  was  substituted,  the  bearings  exhibited  no  deforma- 
tion and  performed  far  better  than  the  80-10-10  alloy  previously  used. 
We  have  also  noted  the  failure  of  the  73-7-20  alloy  on  rod  bearings 
of  very  heavy  locomotives.  Locomotive  rod  bearings  are  subjected 
to  severe  impacts  and  it  is  necessary  therefore  to  use  an  alloy  of  fairly 
high  compressive  strength.  Although  the  above  alloy  performs  satis- 
factorily on  light  locomotives,  on  the  rod  bearings  of  heavy  locomotives 
it  ia  necessary  to  use  either  the  80-10-10  alloy  or  the  same  aUoy  to  which 
has  been  added  approximately  1  per  cent.of  phosphorus.  Thesizeof  these 
bearings,  and  hence  their  bearing  surface,  is  narrowly  limited  by  neces- 
sities of  construction;  otherwise  these  harder  alloys  would  not  be  essential 
for  this  purpose.  Phosphorus  greatly  increases  the  compressive  strength 
of  such  an  alloy,  and  is  for  this  reason  a  possible  factor  for  conservii^ 
tin.    At  the  present  prices  of  tin  and  phosphorus  there  is  httle  choice; 

1  For  example:  A  Study  of  Alloys  Suitable  for  Beamg  Purposea.  Jni.  Franklin 
laat.  (July,  1903)  166,  49.  History  and  Development  of  the  Alloy  Practice  in  the 
United  States  aa  Applied  to  Eailway  Bearinga.  Proc.  Amer.  Soo.  Testing  Materials 
(1907)  T,  302.  Effect  of  Changee  in  the  Compomtion  of  Alloys  Used  by  the  American 
Railways  for  Car-journal  Bearinga.     Tram.  Am.  Inst.  Metals  (1915)  9^  241. 
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an  alloy  with  8  per  cent,  of  tin  and  1  per  cent,  of  phoBphonie  will  have  com- 
pressive strength  approximately  equivalent  to  the  alloy  havii^  10  per 
cent.  tin.  Experience,  thus,  has  demonstrated  that  alloys  containing  as 
little  as  5  or  even  4  per  cent,  tin  and  as  high  as  30  per  cent,  lead,  can  be 
used  in  railroad  service  for  car  bearings.  They  have  become  the  stand- 
ard of  the  United  States  Railroad  Administration  for  car-journal  bear- 
ings called  for  under  their  Specifications  R-71,  Grade  A.  Such  an 
alloy  is  also  included  in  the  specifications  covering  locomotive  bearings 
designated  as  Specification  R-72,  Soft  Bronze. 

In  my  judgment,  the  specifications  of  the  Railroad  Administration 
covering  locomotive  bearing-metals  are  very  satisfactory,  except  that  the 
use  of  soft  bronse  should  be  extended  to  cover  driving  brasses,  and  engine 
and  trailer-truck  bearings.  Before  the  railroads  of  the  United  States 
came  under  Government  control,  copper  alloys  with  low-tin  and  high- 
lead  contents  had  become  the  standard  specifications  of  several  of  the 
large  car  companies,  and  were  very  extensively  used  on  the  largest  rail- 
road systems.  Outside  of  the  railroad  field  they  had  also  been  widely 
recognized  and  used.  The  advantage  of  using  the  smallest  possible 
amount  of  tin  consistent  with  the  load  requirements  is  now  so  well 
understood  that  there  is  but  little  opportunity  for  an  important  con- 
servation of  tin  in  this  field. 

Let  us  next  consider  the  possibilities  of  substituting  some  other 
metal  for  a  part  or  all  of  the  tin  in  a  copper-tin-lead  alloy,  or  of  sub- 
stituting alloys  of  an  entirely  different  type. 

The  first  metal  that  presents  itself  as  a  substitute  for  tin  is  antimony. 
Antimony  combines  readily  with  copper  and  with  lead,  and  has  the 
property  of  adding  hardness.  Unfortunately,  however,  the  hardening 
effect  of  antimony  is  obtained  with  the  sacrifice  of  ductility.  We  have 
found  it  possible  to  make  alloys  carrying  as  Iiigh  as  30  per  cent,  of  lead 
with  3  per  cent,  of  tin  and  2  per  cent,  of  antimony.  We  have  also  made 
alloys  of  65  copper,  30  lead,  2  tin,  and  3  antimony,  and  have  also  replaced 
the  5  per  cent,  of  tin  in  this  alloy  entirely  with  antimony.  Car  bearings 
43^  by  8-in.  size,  made  from  the  same  pattern  on  molding  machines  and 
subjected  to  a  breaking  stress  applied  longitudinally  at  the  middle  of  the 
back  of  the  bearing  and  throughout  its  entire  length,  broke  at  the  fol- 
lowing average  loads:  with  2  per  cent,  antimony  substitution,  60,000  lb.; 
with  3  per  cent,  substitution,  62,000  lb.;  with  total  substitution,  52,000 
lb.;  as  compared  with  a  breaking  load  of  67,000  lb.  for  the  alloy  of  copper 
65,  tin  5,  lead  30.  The  castings  produced  with  each  of  the  three  above- 
mentioned  alloys  are  not  so  satisfactory  as  those  made  with  the  straight- 
tin  alloys,  being  more  or  less  rough,  and  showing  sUght  globules  of 
lead  on  the  surface.  It  has  been  found  that  a  certain  amount  of  nickel 
can  be  used  for  replacing  tin  with  very  satisfactory  results.  The  castings 
produced  when  zinc  ia  substituted  for  a  certain  amount  of  tin  are  decidedly 
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imsatisfaotory.  The  aubstitution  of  aluminum  for  tia  is  entirely  im- 
practical, and  such  castings  are  worthless.  This  does  not,  however, 
exhaust  all  the  possibilities  of  substituting  other  metals  for  tin  in  the 
copper-tin-lead  alloya,  but  it  is  my  opinion  that  the  Bubstitution  of  any 
other  metals,  in  those  alloys,  can  be  made  only  by  sacrificing  the  quaUty 
of  the  alloy. 

The  possibiUty  of  substituting  alloys  of  an  entirely  different  type 
presents  an  attractive  field  for  research.  The  copper-tin-lead  alloy 
has  attained  its  position  as  the  most  desirable  bronze  bearing  alloy, 
but  this  does  not  mean  that  some  other  alloy  may  not  be  found  which 
may  give  equally  good  or  better  results.  In  the  search  for  such  a  sub- 
stitute alloy  it  should  be  borne  in  mind  that  a  bearing  metal  should  possess 
the  following  properties: 

(1)  It  should  be  sufficiently  rigid  to  support  the  load  or  remst  the 
impact,  but  yet  not  so  brittle  that  it  will  easily  crack. 

(2)  It  should  have  as  great  a  yielding  or  plastic  nature  as  is  consistent 
with  its  ability  to  support  the  load  or  resist  the  impact  without  deformation 
of  the  bearing  as  a  whole. 

(3)  The  ideal'  structure  combines  a  hard  matrix  to  support  the  load 
and  a  softer  metal  or  alloy  contained  within  such  matrix,  to  permit 
the  bearing  surface  to  adjust  itself  to  irregularities  of  service. 

(4)  It  should  be  easy  to  handle  in  the  foundry  and  machine  shop. 

(5)  It  should  be  capable  of  being  remelted  without  deterioration. 

(6)  For  use  in  babbitt-hned  bearings,  it  should  be  capable  of  being 
tinned,  so  that  the  babbitt  can  be  applied  thereto. 

(7)  It  should  have  good  heat  conductivity  in  order  to  dissipate  the 
heat  generated  by  friction. 

Pf  muylvuiia  Railroad  Anti-friction  and  BeQ  HeUlB 

F.  M.  Waring,*  Altoona,  Pa. — The  necessity  for  cooserving  tin  has 
recently  been  very  forcibly  brought  to  the  attention  of  all  consumers, 
and  efforts  are  now  being  made  to  reduce  the  tin  content  in  certain  alloys 
or  to  substitute  other  alloys  not  containing  tin. 

The  approximate  composition  of  the  non-ferrous  alloys  in  general  use 
on  the  Pennsylvania  Railroad  are  given  in  the  accompanying  table. 

Phosphor  bronze  is  used  principally  for  rod  bushings,  main-rod 
brasses,  and  crosshead  shoes. 

Ex.  B  bronze  is  used  to  a  small  extent  for  backs  of  car  and  coach 
bearings,  but  the  majority  of  these  are  now  made  of  the  car-journal 
bronze,  which  contains,  on  the  average,  about  5  per  cent.  tin. 


*  Ei^ineer  of  Teste,  The  FennaylTania  Railroad  Co. 
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Compositum  of  Non-ferrous  Alloys  Used  by  Pennsylvania  Railroad 


Copp" 

Hn         Uia 

PVi* 

Antiminr    »» 

Phosphor  broDM,  Spec.  32-C 

79,70 
76.75 

(W 
70.00 

10.00  1     9.50 
8.00      15.00 

ic)    id)  w 

5.00  '  25.00 

!  87.00 

10.00     72.00 
16K    j 

88.90  1 

50.00  1  38.50 

0.80 
0.25 

1  en 

Special  high4ead  bronie,  Spec.  59. 
LiniiiK  metal,  Spec.  fi7 

j         i 

j  13-00     ! 

83K 
3.70 
1.00 

1     7  40     1 

Babbitt  for  motor  bearings 

10.60     !     ■ 

(a)  Sum  of  Cu,  Fb,  Sn,  and  Zn,  not  less  than  99.  (b)  Not  leas  than  71. 
(c)  Not  less  than  4.  (d)  Not  less  than  13.  (fi)  Not  more  than  20.  (/)  Not  more 
than  3. 

Car-journal  bronze  is  used  for  making  car  and  coach  bearing  backs 
at  the  Altoona  braes  foundry,  by  melting  down  old  backs  after  removing 
the  linings  and  making  the  necessary  addition  of  new  metal  to  bring  the 
composition  within  the  limits  given  in  the  table.  No  new  tin  is  added  in 
making  this  alloy. 

Special  high-lead  bronze  ie  used  principally  for  locomotive  driving- 
box  shells,  which  are  not  lined. 

The  lead-base  lining  for  car-journal  bearings  vks  formerly  made  up 
in  our  foundry  from  lining  metal  melted  off  from  old  bearings  and  brought 
up  to  specification  requirements  by  the  addition  of  such  new  metal  as 
might  be  necessary.  Some  tin  was  unavoidably  introduced  from  the  old 
bearings,  but  the  amoimt  allowed  in  the  metal  was  hmited  to  2  per  cent. 
Lately  we  have  been  using  this  old  lining  metal  in  the  preparation  of 
the  lead-base  dandelion  metal  babbitt,  thus  making  use  erf  the  contained 
tin  in  order  to  reduce  the  amount  of  new  tin  which  it  was  necessary  to 
add  to  this  metal.  The  journal-lining  metal  is  then  made  from  lead  and 
antimony  without  the  addition  of  any  tin. 

Lead-base  dandehon  metal  babbitt,  containing  about  10  per  cent, 
tin,  is  used  for  lining  crosshead  shoes  and  also  for  lining  engine-truck 
and  trailer  bearings,  as  well  as  for  hub  liners,  in  place  of  phosphor  bronze, 
on  freight  locomotives.  This  metal  has  replaced  a  large  amount  of  tin 
and  tin-base  babbitt  formerly  used. 

Bell  metal  is  used  exclusively  for  making  locomotive  bells,  and  during 
1917  about  42,800  lb.  of  castings  were  made,  involving  the  use  oi  a  little 
over  7000  lb.  of  tin. 


>- Google 


A   BYUPOSIDH   ON  THZ   CONBEBVATION   OF   TIN  1735 

Tin-base  babbitt  metal  (88.9  Ud,  3.7  copper,  7.4  antimony)  is  used 
for  a  number  of  miscellaneous  purposes  in  the  shops,  but  its  use  has  been 
greatly  restricted  and  every  effort  is  being  made  to  do  away  with  it  where 
possible,  and  to  substitute  a  lead-base  babbitt  or  a  babbitt  with  50  per 
cent.  tin. 

The  amount  of  solder  having  the  compodtion  50  lead,  50  tin,  used 
by  the  Pennsylvania  Lines  East,  during  1917,  was  approximately  100,000 
lb.,  but  there  is  reason  to  believe  that  a  large  portion  of  this  can  be  re- 
placed by  a  60-lead,  40-tin  solder  with  satisfactory  results,  and  instruc- 
tions have  been  issued  to  this  effect. 

In  regard  to  the  quantity  of  new  tin  used,  it  is  not  possible  to  give  the 
amount,  except  approximately  and  from  calculations  based  on  the  1917 
consumption  of  bearing  metals  by  the  Pennsylvania  Lines  East  only,  it  is 
estimated  that  about  770,000  lb.  of  new  tin  were  required  in  a  total  of 
about  21,380,000  lb.  of  all  tdnds  of  bearing  metals  turned  out  by  the 
foundry  or  purchased  in  the  market. 

No  change  has  been  made  in  the  specifications  for  bearii^  metals 
for  some  years,  as  the  metala  used  have  been  satisfactory.  A  large  pro- 
portion of  the  bearing  metals  are  made  up  from  old  material  re-melted 
and  brought  to  standard  composition  by  some  addition  of  new  metal,  and 
every  effort  is  being  made  to  utilize  old  material  to  the  best  advantage 
and  reduce  the  amount  of  new  metal  of  all  kinds  purchased.  For  a 
number  of  years  no  tin  has  been  used  in  the  lining  metal  of  either  pas- 
senger or  freight  car  journal-bearings,  except  such  small  amounts  as  come 
in  from  re-melting  old  linings.  No  change  has  been  made  iii  phosphor 
bronze  used  for  rod  bushings,  as  we  should  expect  some  trouble  from  bush- 
ings pounding  out  of  shape  if  a  phosphor  bronze  were  used  which  con- 
tained less  tin  or  more  lead  than  the  present  specifications  call  for.  In 
this,  as  well  as  in  the  case  of  all  other  bearing  metals,  we  expect  to  use 
our  utmost  endeavors  to  economize  and  to  substitute  for  tin  wherever 
possible. 

The  Tin-plate  lodnstry 

D.  M.  Buck,*  Pittsburg,  Pa. — During  the  first  5  months  of  1918, 
approximately  11,000,000  lb.  per  month  of  pig  tin  were  consumed  in  the 
United  States.  Solder,  bearing  metals,  bronzes,  etc.  used  about  5,500,000 
lb. ;  collapsible  tubes  a  httle  more  than  250,000  lb.;  tin-foil  about  500,000 
lb.;  and  the  tin-  and  terne-plate  industry  somewhat  less  than  5,000,000 
lb.  In  an  effort  to  reduce  this  consumption  and  thus  conserve  our  tin 
supphes,  several  methods  of  procedure  suggest  themselves: 

1.  Salvage.     The  most  careful  and  systematic  collection  and  re-use 

*  MetaUui^ical  Engineei,  American  Sheet  and  Tin  Plate  Go. 
a 
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of  tin  and  tin-bearii^  materials  is  ecoDomically  important,  in  that  we  thus 
secure  the  maximum  benefits  from  our  available  supplies. 

2.  Substitution  of  other  materials  for  tin.  While  tin,  on  account 
of  its  low  melting  point,  softness,  malleabihty,  non-toxicity,  etc.,  is  pe- 
culiarly adapted  for  many  uses,  nevertheless  it  may  seem  desirable,  during 
times  of  temporary  stringency  at  least,  to  substitute  for  tin  and  for  tin- 
bearing  materials  some  other  substances  which  may  answer  our  purposes, 
though  perhaps  not  possessing  all  of  the  desirable  qualities  of  tin.  It 
is  conceivable  that  research  in  this  connection  may  develop  entirely  satis- 
factory substitutes  which  may  permanently  replace  tin  for  certain 
purposes. 

3.  Curtailment,  for  the  time  being,  of  certain  lines  of  manufacture, 
not  absolutely  easential  to  the  prosecution  of  the  war. 

Efforts  aloi^  all  of  the  above-mentioned  lines  are  being  made  in  prao- 
Ucalty  all  tin-consuming  industries,  and  much  progress  has  been  made. 
In  considering  the  details  of  tin  conservation,  it  is  my  intention  to  con- 
fine myself  to  a  brief  discussioQ  of  this  subject  as  related  to  the  tin- 
and  terne-plate  industry. 

Terne-plate  is  a  mild-steel  sheet  coated  with  an  alloy  of  tin  and  lead 
(approximately 25  per  cent,  tin  and  75  per  cent.  lead).  Its  chief  uses, 
in  normal  times,  are  for  roofing,  gasoline  and  oil  tanks,  and  for  stamp- 
ing into  various  forms.  Manufacturers  of  this  material  have  almost 
entirely  discontinued  its  manufacture,  except  to  supply  the  urgent  needs 
of  the  Government  for  war  purposes. 

It  has  been  customary  to  use  a  small  amount  of  tin  with  the  spelter 
in  the  galvanizing  pots  in  the  manufacture  of  galvanized  sheets.  It 
has  been  found  that,  by  a  sacrifice  of  no  other  quality  than  appearance, 
this  tin  could  be  omitted,  and  the  practice  has  been  largely  discontinued 
— entirely  so  in  the  concern  with  which  the  writer  is  connected. 

Tin-plate  consists  of  thinly  rolled  mild-steel  sheets  coated  with  pure 
tin,  and  its  chief  use  is  in  the  canned-food  industry.  The  Goveniment 
has  requested  that  the  manufacturers  of  this  product  give  absolute 
priority  to  orders  covering  material  to  be  used  for  the  manufacture  of 
plate  for  cans  to  contain  perishable  foods.  The  manufacturer  has,  of 
course,  complied  with  this  request  and  the  conditions  of  the  markets 
have  been  such  that  almost  the  entire  capacity  of  the  country  has  been 
utilized  for  such  material,  and  for  other  direct  and  indirect  Govemment 
needs. 

Several  grades  of  tin-plate  are  regularly  manufactured,  differing 
only  in  thickness  of  the  tin  coating.  While,  for  some  few  uses,  the  heavier 
coated  sheets  are  desirable  and  necessary,  it  is  a  fact  that  the  most  hghtly 
coated  sheets  are  entirely  suitable  for  a  very  large  percentage  of  these 
requirements.  It  is  in  this  connection  that  the  consumer  can  materially 
aid  in  the  saving  of  tin  during  the  present  stringency,  and  also  prevent 
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a  serious  eoonomic  waste  in  nonnal  times,  by  not  specifying  a  heavier 
coated  plate  than  bis  requirements  justify. 

For  years  it  was  believed  by  certain  canners,  manufacturers,  and 
dealers  in  canned  goods,  that  a  heavy  tin  coating  was  necessary  on  food 
containers.  This  opinion  was  endorsed  by  food  officials  and  chemists,  and 
attemptshave  been  made  in  Congress  to  regulate  the  weight  of  tin  coat- 
ing. Since  the  literature  on  the  subject  gave  no  definite  information,  a 
committee  was  formed  several  years  ago,  consisting  of  representatives  of 
the  American  Sheet  and  Tin  Plate  Co.,  American  Can  Co.,  and  the  Na- 
tional Canners'  Association.  Two  representatives  of  the  Bureau  of 
Chemistry,  Department  of  Agriculture,  also  participated  in  the  work. 
This  committee  prepared  seven  lots  of  tin  plate  with  the  following  aver- 
age coatings,  expressed  in  pounds  of  tin  per  base  box  (112  sheets, 
14  by  20  in.). 


.  0,9    E 1.8 

.   1.1    F 2.1 


D 1.5 

Cans  were  made  from  these  plates  in  the  usual  way,  and  various  food 
products  were  packed  under  the  supervision  of  the  committee,  in  regu- 
lar canning  plants.  Approximately  60,000  cans,  in  all,  were  packed  with 
the  following  foods: 

Apples  (3  p&cks)  Milk  (evaporated) 

String  beans  Peas 

Cider  Pumpkin  (3  packs) 

dam  juice  Tomatoes  (3  packs) 

Com  (3  packs)  Tuna 

Milk  (condensed)  Salmon 

The  cans  and  contents  were  inspected  and  analyzed  from  time  to  time, 
throughout  a  period  of  about  18  months  after  fiUing  the  cans.  In  this 
work  more  than  40,000  samples  were  analyzed  chemically.  I  quote 
from  the  general  conclusions  of  this  committee  as  embodied  in  their 
report:' 

The  most  significant  fact  established  by  this  entire  investigation  is  that,  aside  from 
the  external  appearance  of  the  cans,  none  of  the  difficulties  encountered  in  the  twenty 
experimental  packs  of  twelve  representative  foods  in  plain  cans  was  taken  care  of  or 
eliminated  by  heavy  tin  coatings.  The  luster  and  the  resistance  to  rusting  increase 
somewhat  with  increased  weights  of  coating.  In  other  respects,  with  the  exception  of 
some  biBtances  in  the  classes  of  foods  that  have  a  tendency  to  perforate,  the  conclu- 
sion from  this  work  is  that  the  value  of  different  weights  of  tin  coating  on  food  con- 
tainers is  for  all  practical  purposes  the  same  with  average  weights  of  from  one  to  three 
pounds  of  tin  per  base  box. 

'  "Belative  Value  of  Different  Weights  of  Tin  Coatings  on  Canned  Food  Con- 
tainers." Report  of  an  investigation  by  a  technical  committee  representing  the 
National  Canners  Association,  the  American  Sheet  and  Tin  Plate  Co.,  and  the  Ameri- 
can Can  Co.     Published  by  National  Canners  Association,  Washington,  D.  C,  1917. 
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I  bring  this  investigation  to  your  attention  to  emphasise  the  need- 
less waste  attendant  upon  the  use  of  tin  plate  with  an  unnecessarily 
heavy  tin  coating.  With  pur  present  knowledge,  we  are  unable  commer- 
cially to  produce  coatings  as  light  as  the  lower  weights  used  in  this  test. 
If,  however,  future  research  should  develop  means  to  this  end,  the  result- 
ant product  would  meet  all  practical  requirements,  and  a  very  cooaidei^ 
able  saving  in  pig  tin  would  result. 

DISCUSSION 

G.  H.  Clamgr. — The  National  Canners'  ABSociation  is  studying  the 
action  of  fruit  juices,  etc.,  on  solders.  Of  course  these  tests  will  take 
quite  a  long  time,  and  we  hope  by  that  time  the  war  will  be  over  and 
there  will  be  no  need  for  conserving  tin  for  war  purposes.  Germany  for 
a  great  many  years  has  prohibited  the  use  of  more  than  37  per  cent,  of 
lead  in  alloys  used  in  contact  with  food  products.  The  eutectic  com- 
position is  37  per  cent,  of  lead  and  63  per  cent,  of  tin;  alloyE  containing 
more  than  that  percentage  of  lead  have  some  free  lead. 

J.  W.  Richards,*  South  Bethlehem,  Pa. — A  great  deal  of  con- 
servation can  result  from  the  packing  of  dry  foods  in  cartons  and  in 
fiher  packages  instead  of  using  sheet  tin.  Many  of  the  boxes  used  for 
packing  things  other  than  food  are  frequently  made  of  sheet  tin  because 
it  prints  and  lithographs  well;  these  could  be  made  of  sheet  iron  coated 
with  copper  or  some  other  substitute  metal  which  prints  equally  well. 

The  Aluminum  Bronze  Industry 
W.  M.  CoRSE.t  Mansfield,  Ohio. — The  conservation  of  tin,  in  view 
of  the  shipping  situation,  is  one  of  great  importance.    Several  methods 
of  conservation  can  be  employed : 

1.  Reduction  of  the  amount  of  tin  in  an  alloy  or  compound. 

2.  Substitution  of  an  entirely  different  metal  or  compound  for  tin. 

3.  A  combination  of  the  first  and  second  methods. 
The  second  method  is  the  one  that  I  wish  to  discuss. 

Metallic  aluminum  has  been  known  for  a  long  time,  and  its  use  in 
copper  alloys  was  discovered  about  1855  by  Lord  Percy.  The  high 
cost  of  production  of  metallic  aluminum  retarded  its  commercial  devel* 
opment,  and/  it  was  not  until  the  discovery  of  the  electrochemical 
processes  for  its  production  that  it  came  ]to  be  known  as  a  common 
metal. 

I  have  been  particularly  interested,  for  the  past  few  years,  in  working 
with  the  alloy  known  as  aluminum  bronze,  which  is  usually  composed  of 
approximately  90  parts  of  copper  and  10  parts  of  aluminum,  by  weight. 


'Professor  of  Metallurgy,  Lehigh  University, 
t  Manufacturing  Engineer,  Ohio  Brass  Co. 
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This  alloy  haa  many  properties  dmilar  to  the  copper-tin  bronzes,  and  it 
has  been  of  interest  to  find  juat  where  the  copper-aluniinum  bronzes 
could  be  substituted  for  the  copper-tin  bronzes,  and  in  that  way  conserve 
the  use  of  metallic  tin. 

Copper-aluminum  bronzes  have  practically  double  the  tensile  strei^h 
of  tin  bronzes,  so  that  a  smaller  cross-section  frequently  can  be  adopted, 
with  the  same  mechanical  result.  Their  resistance  to  shock  is  superior 
to  that  of  the  copper-tin  bronzes,  and  their  resistance  to  wear  is,  in 
some  cases  superior,  and  in  some  cases  practically  equal.    Consequently, 
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for  many  mechani6al  uses,  where  a  bard  bronze  is  desired  to  replace  one 
containing  10  to  11  per  cent,  of  tin,  for  example,  an  aluminum  bronze 
of  about  the  composition  mentioned  will  be  found  worth  investigation. 
Undoubtedly  no  two  alloys  possess  exactly  the  same  properties,  and  when 
a  substitution  of  one  for  the  other  is  desirable,  it  is  necessary  to  work  out 
special  methods  of  handling  the  substitute  in  order  to  get  praotically 
the  same  results. 

As  is  frequently  the  case  in  such  work,  special  properties  are  found 
to  be  superior  to  those  of  the  metal  originally  used,  and  other  properties 
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are  discovered  to  be  not  so  good.  As  a  particular  instance  of  the  sub- 
stitution of  aluminum  bronze  for  phosphor  bronze,  I  would  cite  its  use 
in  worm  gearing.  The  following  tables  and  curves  taken  from  my 
paper'  on  this  subject  before  the  Society  of  Automotive  Engineers  will 
give  an  idea  of  the.different  properties. 

Tablb  1. — Phyaical  Properttea  of  Phosphor  Bronze 
(Composed  of  88.7  parts  of  copper,  11  parte  of  tin,  and  0.3  parte  of  phosphorus} 

Ultimate  t«isile  strength,  lb.  per  sq.  in 35,000-40,000 

Yield  point,  lb.  per  sq.  in 22,000-25,000 

Elongation  in  2  in.,  per  cent 6-10 

Induction  of  area,  per  cent 7-9 

Specific  gravity  at  20°  C 8.5 

Brinell  hardneaa  number  (500  kg.  load  for  30  sec.) 75-85 

Pattern  maker's  allowance  for  shrinkage,  in.  per  ft 0. 125 

Weight  per  cu.  in.,  lb 0.31 

Compression,  elastic  limit,  lb.  per  sq.  in 16,000 

Coefficient  of  friction 0.0040 

Modulus  of  elasticity 12,000,000  to  14,000,000 

Resistance  to  impact,  Fremont  notched-bar  test  (fractured 

section  7  by  10  mm.),  kg. -meters 2to4 

Endurance  of  alternating  impact,  lAndgraf'Ttiraer  or  Arnold 

test,  alternations ISO  to  300 

Besistance  to  shear  by  impact,  McAdam  msohine,  ft.^b 300  to  450 

Aluminum  bronze  contEuiuDg  10  per  cent,  alumintun.  and  1  per 
cent,  of  iron  has  the  physical  properties  shown  in  Table  2. 

Table  2. — Physical Propertiea  of  Aluminum  Bronze 

(Containing  10  per  cent,  of  aluminum,  and  1  per  cent,  of  iron.) 

Ultimate  tensile  strength,  lb.  per  sq.  in 65,000-80,000 

Yield  point,  lb.  per  sq.  in 23,000-28,000 

Elongation  in  2  in.,  per  cent. 20-30 

Reduction  of  area,  percent 21-29 

Specific  gravity  at  20°  C 7.6 

Brinell  hardness  number  (500  kg.  load  for  30  sec.) 92-100 

Pattern  maker's  allowance  for  shrinkage,  in.  per  ft 0.22 

Weight  per  ou.  in.,  lb 0,27 

Compression,. elastic  limit,  lb.  per  sq.  in 10,000 

Coefficient  of  friction 0.0025 

Modulus  of  elasticity 15,000,000-18,000,000 

Resistance  to  impact,  Fremont  notehed-bar  test  (fractui«d 

section  7  by  10  mm.)  kg. -meters 7  to  10 

Endurance  of  altematii^  impact,  I^ndgraf-Tunier  or  Arnold 

test,  alternations 3,600  to  5,600 

Besistance  to  shear  by  impact,  McAdam  machine,  ft.-lb 750  to  850 

•  W.  M.  Cone:  Worm  Gear  Kxuues.    Journal,  Sowety  of  Automotive  Engineers, 
April,  iei& 
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It  is  of  interest  to  note  that  aluminiim  bronze  trould  UDdoubtedly 
have  been  substituted  for  phosphor  bronze  before  this  had  the  manufac- 
turing difficulties  with  the  former  been  surmounted.  Aluminum  bronze, 
when  cast  in  the  foundry,  presents  about  as  difficiilt  a  problem  aa  I 
have  ever  seen.  It  is  very  sensitive  to  gas  absorption  and  must  be 
handled  extremely  carefully  to  insure  good  castings.  It  is  similar,  from 
a  foundryman's  standpoint,  to  manganese  bronze,  in  that  it  requires 
large  risers  and  careful  pouring  to  insure  clean  castings.  Several  years' 
work  on  this  alloy  has  demonstrated  conclusively  that  it  is  perfectly 
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possible  to  make  as  large  a  percentage  of  good  castings  from  it  as  from 
any  other  non-ferrous  alloy.  It  seems  to  me,  therefore,  that  ita  use 
should  be  increased,  particularly  in  view  of  the  shortage  of  tin  at  the  pres- 
ent time,  and  undoubtedly  new  fields  will  be  opened  up  as  its  various 
properties  are  better  known. 

One  feature  that  stands  out  prominently,  which  was  mentioned  by 
the  eminent  English  investigators  of  this  ty()e  of  alloys,  and  published 
by  them  in  the  8th  and  Oth  reports  of  the  Alloys  Research  Committee  of 
the  Institution  of  Mechanical  Engineers  of  Great  Britain,  is  the  fact  that 
cast  aluminum  bronze  'possesses  properties  equal  to  those  of  rolled  alu- 
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tninuin  bronze.  -Nearly  all  copper-base  alloys  are  improved  by  rolling 
proceases,  but  the  copper-aluminum  alloys  seem  to  possess  equally  good 
properties  when  cast  or  rolled;  this  is  a  remarkable  metallurgical  fact. 
Another  important  property  of  these  copper-aluminum  alloys  is  their 
resistance  to  alternating  stress.  Many  tests  indicate  that  their  resistance 
is  greater  in  this  respect  than  that  of  some  steels,  and  1  have  seen  instances 
when  cast  aluminum-broDze  bolts  have  outlived  five  steel  bolts  in  founda- 
tion work  subject  to  severe  shocks.  I  mention  these  various  instances 
to  indicate  that  work  originally,  started  as  research  for  substitution  of 
one  material  for  another  frequently  develops  an  article  which  has  propei^ 
ties  not  possessed  by  the  original  metal  or  alloy. 

I  have  dwelt  particularly  on  the  aluminum  bronzes  because  recently 
I  have  done  more  special  work  on  them  than  on  other  alloys,  but  I  be- 
lieve that  the  use  of  aluminum  itself,  in  many  combinations  of  metals, 
is  a  very  important  subject  for  inveetigation.  Undoubtedly,  after  the 
war,  the  cost  of  aluminum  will  be  reduced  from  its  present  price,  and  con- 
sidering its  low  specific' gravity  it  offers  a  very  interesting  and  important 
field  for  research  in  the  non-ferrous  business.  Naturally,  if  combinations 
containing  aluminum  can  be  developed  in  view  of  a  probably  increasing 
supply  of  metal,  the  cost  will  be  reduced.  This  will  benefit  the  indus- 
try generally  and  will  immediately  conserve  tin. 

Bronzes,  Bearing  Metals,  and  Solders 

G.  K.  BtTRGESs*  and  R.  W.  WooDWAiiD,t  Washington,  D.  C. — 
From  a  metallurgical  standpoint,  there  are  several  ways  in  which  a 
reduction  of  the  tin  consumed  in  commercial  non-ferrous  and  white- 
metal  alloys  can  be  effected.  First,  a  reduction  of  the  tin  content  of  the 
alloy;  second,  substitution  of  part  or  all  of  the  tin  content  by  some  other 
metal;  third,  a  substitution  of  a  different  type  of  alloy,  which  in  some 
cases  also  involves  a  change  in  mechanical  design.  The  Bureau  of 
Standards  has  been  studying  these  methods  of  conservation  for  tin 
alloys,  particularly  in  regard  to  babbitts  and  bearing  metals,  bronzes, 
and  solders.  Much  of  the  information  secured  by  the  Bureau  was 
obtained  from  answers  to  questionnaires  sent  to  manufacturers  and 
users  of  these  materials,  so  that,  in  general,  any  of  the  following  sug- 
gestions or  recommendations  can  he  considered  as  being  practical  and 
as  having  already  been  thoroughly  tried. 

Bearing  Metala 

There  is  no  question  that  the  tin  content  of  nearly  all  bearing  metals 
can  be  reduced  to  some  extent,  and  in  some  cases  actually  eliminated 

*  Chief,  Division  of  Metallurgy,  U.  S.  Bureau  of  Standards. 
t  Aamstant  Physiciat,  U.  S.  Bureau  of  Standkrda. 
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trithout  prejudice  to  the  service  rendered.  The  problem  thus  is  to 
determine  what  needs  are  the  most  exacting,  or  when  a  breakdown 
would  cause  the  greatest  damage,  and  confine  the  use  of  high-tin  babbitts 
to  these  uses.  Thus  the  main  bearings  of  airplane  and  military  auto- 
mobile engines,  turbine  shafts,  etc.,  will  probably  have  to  continue  to 
use  high-tin  babbitt,  containing  84  to  91  per  cent.  tin.  A  babbitt  metal 
such  as  S.  A.  E.  specification  No.  24,  containing  84  tin,  9  antimony  and 
7  copper,  appears  to  be  as  satisfactory  in  service  as  the  genuine  babbitt, 
89  tin,  7.5  antimony,  3.5  copper,  or  that  specified  by  the  International 
Aircraft  Standards  Board,  91  tin,  4.5  antimony,  4.5  copper.  But  it 
should  be  pointed  out  that  the  latter  two  compositions  are  more  fluid 
in  the  molten  condition  than  the  first  named;  consequently  the  lining 
can  be  made  in  a  thinner  shell  with  these  babbitts,  and  the  total  amount 
of  tin  consumed  may  therefore  be  less  than  if  the  S.  A.  E.  No.  24  were 
used.  However,  if  the  design  of  the  bearing  is  not  altered  to  ^dmit  of 
the  thinner  shell,  the  lower-composition  babbitt  should  be  used  in  general. 
The  following  compositions  (Table  1)  are  also  recommended  for 
use  where  a  high  grade  of  hning  is  required  and  where  a  genuine  babbitt 
is  now  often  used: 

Table  1 


No.  1 

No.  a 

.., 

No.  4 

No.  B 

No.  0 

66 

3to6 
28  to  30 

62 

4 
33 
X 

8 
8 
4 

80 

5 
7 
2 
76 

10 

10.0 
12. S 
O.S 

77.0 

No.  3  and  4  have  been  found  to  do  the  service  required  of  tin-base 
linings  in  machine-tool  bearings;  No.  5  can  be  used  on  similar  bearings 
where  a  greater  strain  is  met.  No.  6  is  in  use  in  Germany  as  a  "best" 
babbitt  to  conserve  both  tin  and  copper. 

For  linings  on  railroad-truck  journals  two  compositions  are  in  general 
use,  one  composed  of  85  lead,  10  antimony,  5  tin,  and  the  other  of  87 
lead,  13  antimony.  The  latter  is  restricted  by  some  roads  to  freight 
service  while  the  former  is  used  on  passenger  equipment.  Many  roads, 
-  however,  use  the  87  lead,  13  antimony,  on  both  classes  of  service  and  it 
seems  that  its  use  might  be  made  more  universal. 

Another  type  of  lining  metal  which  deserves  serious  consideration 
is  one  composed  almost  entirely  of  lead,  with  small  additions  of  alkah  or 
alkaU-earth  metal.  Certain  of  these  have  been  given  service  tests  at 
the  Bureau  of  Standards  and  in  many  respects  were  found  equal  to  or 
superior  to  genuine  babbitt.    Table  2  is  a  summary  of  the  tests  on  such  a 
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metal,  and  corresponding  testa  on  genuine  babbitt  of  compo^tion  1 
tin,  7.5  antimony,  3.5  copper: 

Table  2 


^^ 

Final  Temp. 

Ri»  in  T«mp. 

t™ 

Il.p.m. 

tioni 

Bq^lB. 

•c. 

•P. 

*C.       j        T. 

Lb. 

Gnm 

Gemiine  Babbitt 

100 

694 

12,230 

89 

192 

S3 

96 

22 

0.023 

200 

706 

16,510 

102 

216 

58 

104 

29 

0.021 

300 

ttS2 

15,150 

126 

257 

100 

180 

;« 

0  013 

Belt  Blippiog. 

400 

603 

6,600 

139 

282 

94 

169 

79 

0.064 

Bearing  seiied 

Ulco  Hard  Metal 

and  smoking. 

100 

710 

13,160 

56 

133 

23 

41 

13 

0.013 

200 

715 

18,870 

69 

156 

33 

59 

18 

0.021 

300 

719 

18,830 

80 

176 

42 

•76 

27 

0.013 

400 

711 

17,310 

81 

178 

43 

77 

23 

0.022 

500 

723 

17,860 

79 

174 

43 

77 

25 

0.014 

600 

692 

14,960 

84 

183 

46 

81 

24 

0.021 

700 

648 

24,520 

62 

144 

38 

68 

24 

0.020 

800 

365 

12,870 

US 

127 

20 

36 

23 

0.010 

900 

408 

22,300 

59 

138 

22 

40 

24 

0.016 

1000 

405 

23,200 

66 

161 

36 

65 

22 

0.014 

Bearings^ 

Standard  Grades  of  Babbitt  Metal 

At  a  meeting  called  by  tbe  Conservation  Division  of  the  War  In- 
dustries Board  on  Apr.  15,  1918,  which  was  attended  by  manufacturers 
and  users  of  bearing  metals,  the  Bureau  of  Standards  was  requested, 
after  conference  with  technical  representatives  of  the  large  manufacturers 
and  users,  to  determine  whether  four  classes  of  babbitt  metal  could  be 
adopted,  ranging  in  tin  content  as  follows: 

A,  Genuine  Babbitt 89  per  cent,  tin 

B 40  to  50  per  cent,  tin 

C 4  to  6.5  tin 

D No  tin. 

The  Bureau  has  gone  over  the  situation  with  several  of  the  repre- 
sentatives, and  Uie  general  opinion  seems  to  be  that  it  is  impossible  to 
limit  Bome  of  the  classes  to  a  single  composition,  because  of  the  fact  that 
several  compositions  of  nearly  the  same  tin  content  are  in  general  use 
for  different  purposes.  Thus,  in  the  table  below,  No.  A-1  is  used  in 
aircraft  engines,  No.  A-3  is  used  for  automobile  engines,  No.  A-4  is 
found  in  bearings  of  electrical  machinery.    It  was  thought,  however, 
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that  class  B  can  be  entirely  dispensed  with,  as  these  intermediate-tin 
bearing  metals  are  in  no  way  as  satisfactory  as  either  a  high-lead  or  a 
high-tin  babbitt.  In  all  cases  where  class  B  could  be  used,  classes  C 
or  D  will  be  found  to  serve  the  purpose  equally  well.  There  are,  how- 
ever, some  grades  of  babbitt  containing  about  65  per  cent,  of  tin  which 
do  not  fall  into  either  class  A  or  class  B,  but  are  often  claimed  by  the 
manufacturers  to  equal  the  high-tin  babbitt  in  performance.  If  these 
claims  can  be  substantiated,  this  babbitt  should  be  considered  as  falling  into 
the  category  of  class  A  and  as  being  a  substitute  for  alloys  in  that  class. 

It  should  not  be  presumed,  because  high-tin  babbitt  of  class  A  is 
included,  that  the  Bureau  recommends  the  continuance  of  its  use  for 
many  bearings  in  which  it  is  now  used.  The  lowest  possible  tin  alloy 
should  always  be  used,  and  the  Bureau  beheves  that  it  might  be  ad- 
visable to  allow  some  central  body  to  issue  licenses  for  the  use  of  babbitt 
in  class  A,  in  order  to  insure  that  no  A  babbitt  is  being  used  where 
others  are  satisfactory. 

Alloy  D-2  has  been  included  in  class  D  because  this  comprises  babbitt 
metals  containing  no  tin.  It  should  be  noted  that  this  alloy  will  be  found 
satisfactory  in  many  installations  where  class  A  has  hitherto  been  used, 
and  its  inclusion  in  class  D  should  not  give  the  impression  that  it  is  a 
low-grade  babbitt. 

The  American  Society  for  Testii^  Materials  has  drawn  up  specifica- 
tions for  12  compositions  of  babbitt  metals  (B23-18T)  which,  however, 
do  not  take  into  consideration  the  factor  of  tin  conservation,  but  are 
formed  for  use  in  peace  times.  The  present  recommendations  are 
for  use  in  the  existing  situation,  where  the  saving  of-  all  tin  possible 
is  of  prime  importance. 

The  recommended  compositions  for  the  various  classes  are  given  in 
Table  3.  These  have  been  selected  so  as  to  include  existing  specifications 
and  usage  as  far  as  possible.  Much  information  has  been  secured  from 
the  questionnaire  sent. out  by  the  Bureau  and  from  repHes  to  the  general 
letter  issued  by  the  War  Industries  Board  on  May  29,  1918. 

Table  3. 


Clw 

No. 

Tin, 

AntimoDy, 

Load, 

^.J-iSSi. 

Iron. 

AiMoio, 

PwCliDt. 

PwCent. 

F<r  Oot. 

Per  Ceilt.(a) 

P«r  Cwi(.(a) 

A 

A-1 

91 

4.5 

l(o) 

4.5 

0.08 

0.10 

A-2 

S9 

7.5 

Ha)  . 

3.5 

0.08 

0.10 

A-3 

84 

9.0 

Ka) 

7.0 

0.08 

0.10 

A-4 

83 

8.5 

Ha) 

8.5 

0.08 

0.10 

C 

C-1 

5 

10.0 

85 

0.6(a) 

.... 

0.20 

D 

D-1 

13.0 

87 

0.6(a) 

0.26 

D-2 

(6) 

(6) 

98(6) 

(b) 

'(b)' 

(6) 

(b)  Remainder  ia  alkali  and  olkaU-earth  metal. 
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More  than  traces  of  impurities  other  than  those  listed  above  will 
not  be  allowed,  the  following  variations  above  or  below  the  specified 
amount  will  be  permissible  for  the  desired  elements: 


Not  over  6  per  cent. 

0.60 

5  to  10  per  cent.,  incl. 

0.75 

Over  10  per  Mnt. 

1.00 

Large  quantities  of  phosphor-bronze  of  the  composition  80  copper, 
10  lead,  10  tin,  deoxidized  with  phosphorus,  are  used  in  unlined  bearings 
at  fairly  high  speeds  and  pressures.  The  following  compositions  (Table 
4)  have  been  suggested  as  substitutes  for  this  composition,  although 
it  is  our  opinion  that  trouble  will  sometimes  be  experienced  with  Nos. 
8,  9,  and  10,  because  of  their  high  lead,  and  these  have  about  the  same 
tin  content  as  the  others  in  the  list. 

Table  4. 


1      No.  7 

No.  8 

No.  B 

No.  10    1        No.  11 

No.  la 

Co 

79 
5 
16 

i 

74 
6 
20 

1 

64 
5 
25 

5 

1 

RemMnder 

8 

15 

1.5-3 

Tin 

7 
9 
3 

Tft'^ 

17.5 

Vm/. 

Antimony 

Phosphor-copper. . 

.... 

Structural  Bronzes 

Considering  bronzes  other  than  those  used  for  bearing  purposes, 
we  find  that  "Government  Bronze"  (Navy  Specification,  46M6a, 
Gun  Metal),  or  88  copper,  10  tin,  2  zinc,  is  used  in  large  quantities 
and  can  be  modified  to  admit  of  a  saving  of  tin  without  impairment 
of  the  physical  properties  sought.  Experiments  by  the  Bureau  of 
Standards  and  others  have  shown  that  a  composition  of  88  copper, 
8  tin,  4  zinc,  is  equal  or  superior  to  the  ordinary  Government  bronze. 
Aluminum  bronze,  of  composition  90  aluminum,  10  copper,  for  example, 
can  also  be  substituted  for  many  uses  of  Government  bronze;  so  also 
can  manganese  bronze  and  naval  brass.  Several  aluminum  bronzes 
containing  small  amounts  of  iron  have  also  been  introduced,  which  can 
be  either  cast  or  wrought  and  are  now  being  employed  by  several  former 
users  of  Government  bronze. 

Some  manufacturers  have  raised  an  objection  to  the  use  of  aluminum 
bronze  because  the  scrap  accumulating  from  this  alloy,  if  it  should  be- 
come mixed  with  other  metals,  particularly  valuable  metals,  would  have 
a  deleterious  effect  upon  them.    This  is  simply  a  problem  in  works 
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management,  requiring  proper  sorting  and  routing  of  scrap.  We  know 
of  several  lai^  manufacturers  who  make  aluminum  bronze  castings 
in  proximity  to  steam  metal  castings,  who,  by  taking  the  proper  pre- 
cautiooa,  have  encountered  no  difficulties. 

Table  5  gives  some  of  the  properties  of  the  above  mentioned  alloys: 

Table  5. 


Allw 

»ff 

U^  ^In. 

-<s- 

AutboritT 

Government     bronze. 

38,860 

12,250 

26.2 

Average  ttf  30  tensile 

88  Cu,  10  Sn,  2  Zn. 

5 .  different  found- 
ries. Tensile  teste 
made  at  the  Bureau 
of  Standards. 

88Cu,8Sn,  4Zn 

39,220 

11,000 

30.6 

Same  as  above;  26 

Aluminum  bronze 

71,000 

25,000 

21.0 

Coree  &  Comstock 
TroM.  Soc  Autom. 
Eng.  (1916)  11,  Pt. 
11,  272-73. 

ManganeBB  broDze, 

70,000 

35,000 

30.0 

Navy      Department 

U.  S. N. 

Specification  46B16. 

25,000 

NavT  Department 
Specification  46B6b. 

over  1  in. 

eo,ooo 

27,000 

35.0 

below  H  in- 

Aluminum  bronze  with 

iron*  (SiUman  bronze) 

84,400 
78,850 

11,500 

14.5 

'Cu,  86.4;  Al,  9.7;  Fe,  3.9. 

.  At  the  suggestion  of  the  Imperial  Electric  Co.,  Akron,  Ohio,  the 
Bureau  also  made  testa  on  Government  bronze  in  which  luJf  of  the  tin 
was  replaced  by  an  equal  amount  of  nickel.  The  averages  of  several 
tests  on  these  alloys  are  shown  In  Table  6. 

Table  6. 


cT^^tic. 

SX-£- 

rJi-rs^-i'i. 

Cent. 

Area,  Par  Cent 

lSK. 

Cu  88,  Sn  5,  Ni  6, 
Zn2 

40,680 
39,675 

13,050 
11,600 

31.8 
31.2 

28.0 

31.2 

17,300,000 

Cu  89,  Sn  4,  Ni  4, 
Zn3 

...,Go 
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It  wUl  be  observed  that  the  above  values  are  exceedingly  good 
for  this  class  of  material,  and  that  either  of  the  above  alloys  can  be  used 
as  a  meana  of  conserving  tin. 

Many  small  machine-part  castingB  are  made  of  bronze  which  can 
just  as  readily,  or  even  sometimes  better,  be  manufactured  of  brass, 
i.e.,  copper-zinc  alloys.  Tin  is  also  looked  upon  in  many  brass  foundries 
as  a  cure-aU  for  poor  castings,  and  is  often  added  to  the  mucture  when 
trouble  is  encountered.  This  practice  is  not  only  questionable  but  should 
not  occur  in  brass  foundries;  the  cause  of  the  poor  casting?  should  be 
determined  and  the  proper  remedies  applied  in  a  regular  manner. 

Solders 

The  composition  of  a  solder  will  vary  with  the  use  for  which  it  is 
intended.  Formerly,  every  mechanic  believed  that  nothing  was  as 
good  as  "half-and-half,"  50  tin,  50  lead.  It  is  very  seldom  that  a  50-50 
solder  is  necessary  in  the  present  emergency,  and  Its  use  should  be  elimi* 
nated.  No  solder  over  45-55  should  be  used  for  hand  soldering  with  the 
iron,  and  in  the  majority  of  cases  40-60  will  serve  the  purpose.  Most 
plumbers  use  40-€0  for  making  wiped  joints,  whereas  37.5-  62.5  is  just  as 
satisfactory  for  all  such  purposes.  Up  to  1.5  per  cent,  of  the  tin  in  a  wiping 
solder  can  be  replaced  by  antimony,  althoi^h  this  element  is  objection- 
able in  solder  for  other  purposes. 

In  the  manufacture  of  automobile  or  airplane  radiators,  very  little 
solder  of  higher  tin  content  than  40  per  cent,  need  be  used,  and  in  many 
cases  35-65  solder  is  being  used  with  success.  For  the  canning  industry, 
both  in  the  manufacture  and  in  the  sealing  of  the  can,  37.5-62.5  solder 
can  be  used  with  satisfactory  results.  Articles  which  are  tinned  previous 
to  soldering  can  be  tinned  in  a  bath  composed  of  the  eutectic  of  Un 
and  lead — 63  tin,  37  lead.  This  composition  will  be  found  to  be  fluid 
and  will  not  segregate  as  will  certain  other  tin-lead  baths. 

Cadmium  Ha  Tin  Subatitule 

Cadmium  appears  a  promising  substitute  for  part  of  the  tin  in  solders. 
The  Bureau  has  been  developing  such  a  solder  and  laboratory  tests, 
together  with  manufacturing  experience,  so  far  point  to  a  composition 
of  SO  lead,  10  tin,  10  cadmium  as  being  practical  for  many  of  the  pur- 
poses for  which  solder  is  required.  This  solder  has  been  tried  in  the 
manufacture  of  tin  cans,  on  roofing  materials,  and  for  electrical  joints, 
with  encoura^g  results  in  all  cases.  Before  using  it  for  food  containers, 
however,  it  will-  be  necessary  to  ascertain  its  toxic  properties  under 
various  conditions.  A  test  has  also  been  made  of  it  in  the  manufacture 
of  automobile  radiators,  with  most  satisfactory  results. 
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The  tensile  strength  of  the  cadmium  solder  is  about  the  same  as  that 
of  40-60  solder,  but  the  ductility  is  approximately  twice  that  of  the  ordi- 
nary solders.  The  point  of  complete  liquation  is  only  slightly  higher  than 
that  of  the  ordinary  solders,  while  the  range  of  soUdiScation  is  consider- 
ably greater.  Table  7  gives  some  of  the  provisional  data  on  these  solders, 
as  compared  with  tin-lead  solders;  the  tensile  properties  are  the  average 
of  four  determinations  made  on  a  Scott  testing  machine,  the  rate  of 
separation  being  about  12  in.  per  minute. 


Table  7. — Physical  Propertie9  of  Cadmium4ead  and  Tivrlead  Solders 


.Ug^ 

•vs- 

SpeoiSo 
OiBTity 

i^. 

^. 

310* 
838' 
346* 
!«7t 
2M 

.... 

181* 
181* 

183 

2oa 

149* 

He* 

24t>t 
143 

8.S1 
0.47 
e.B4 
11.09 
10.36 
10.87 
10.89 

1.00 
1.07 

i.oa 

I.ZS 
1.17 

S60B 

ES30 
S383 

sooo 

S727 
BB80 

37.BSma3.SFb 

28.8 

80Pb.lOCd,10  8n.... 

80  Pb,  10  Cd.  B  Sn 

7BPb.  10Cd.lS8B.... 

0  and  Tucker,  PhU.  Traiu.,  Royal  Society  of  London  (1918)  A20g,  89. 
t  A,  W.  Kapp:  UeberTollstandigeGefrierpunktBcurvenbinarerMetalUegiruiigen. 
Drvdtfs  Ann.  der  Phya.  (1901)  6,  764. 


Because  of  the  preponderance  of  lead  in  the  cadmium  solder,  its 
price  is  very  reasonable;  with  the  present  market  prices  of  the  metals 
involved,  it  is  thought  that  the  80-10-10  solder  can  be  sold,  at  a 
profit  at  35  c.  per  pound.  It  is  also  thought  that  plenty  of  cadmium 
can  be  produced  as  soon  as  the  market  for  it  is  created,  as  American 
sources  of  cadmium  are  undoubtedly  available  which  are  not  at  present 
^ploited.* 

In  meetings  with  manufacturers  of  materials  containing  tin,  it  is 
always  brought  out  that  the  Government  is  the  worst  offender,  and 
that  many  Government  specifications  call  for  a  lavish  use  of  tin,  which  is 
sometimes  detrimental  to  the  quaUty  of  the  material  manufactured. 
We  believe  that  many  of  these  specifications  are  being  revised  in  order 
to  conserve  tin,  but  there  is  room  for  further  improvement.  As  a 
means  of  reducing  the  consumption  of  tin  by  the  Government,  we  would 
suggest  the  advisability  of  creating  a  joint  committee  of  technical  repre- 
sentatives of  the  various  departments  to  pass  upon  or  revise  all  Govern- 
ment specifications  containing  tin.  Such  a  committee  could  be  in  close 
cooperation  with  the  manufacturers,  and  would  offer  a  better  opportu- 


ne. K  Siebentbal:  Cadmium  in  1917.     Mineral  Ruouree*  of  the  V.  S.f  1917, 
Pt.  I,  49-63.    Also  "SouToes  of  Cadmium  in  tho  United  States,"  ttaa  BwOMn. 
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oity  for  the  manufacturerB  to  criticise  the  tin  content  of  GoTernineDt 
specifications  than  is  now  afforded  in  any  of  the  Departments. 

DISCUSSION 

G.  H.  Clambr. — Dr.  Burgess  referred  to  the  objection  on  the  part 
of  foundrymen  to  the  use  of  aliuuinum  bronee  as  a  substitute  for  tin 
bronze,  because  the  aluminum  so  introduced  finds  its  way  into  the  scrap 
pile  and  is  the  cause  of  a  great  many  bad  heats  of  metal.  A  foimdry  in 
Philadelphia,  which  keeps  a  very  careful  record  of  all  bad  heats,  foimd 
that  90  per  cent.,  at  least,  of  bad  heats  are  due  to  aluminum  contents. 
The  foundry  makes  principally  copper,  tin,  and  lead  alloys,  also  some 
red-brass  valve  metal,  etc.  The  presence  of  a  very  small  amount  of 
aluminum  in  mixtures  of  that  kind  makes  them  absolutely  worthless, 
unless  they  go  through  a  refining  process  to  eUminate  the  aluminum, 
which  of  course  is  expensive.  For  years,  methods  of  detecting  the 
Bource  of  aluminum  in  mixtures  has  been  sought.  The  scrap  pile  might 
contain  anything  from  bird  cages  to  valves  and  miscellaneous  pieces 
weighing  from  a  small  fraction  of  an  ounce  to  maybe  thousands  of 
pounds;  the  fact  that  such  a  very  small  amount  of  alumintun  is  injurious 
means  that  probably  one  casting  in  the  whole  charge  of  metal,  which 
may  be  from  several  hundred  pounds  to  a  ton,  is  sufficient  to  cause  the 
rejection  of  that  particular  heat;  the  difficulty  is  increasing  every  day, 
for  more  and  more  aluminum  is  being  used  in  brass  and  bronze  mixtures. 
Ordinarily  it  takes  some  years  for  brass  to  get  back  to  the  scrap  pile, 
so  that  while  probably  10  years  ago  we  had  only  a  comparatively  few 
bad  heats  from  that  source,  today  the  nimiber  is  gradually  increasing 
as  the  percent^e  of  aluminum-carrying  alloys  is  increasing. 

R.  T.  RoBBBTs,*  Elizabeth,  N,  J. — The  wrought-metal  manu- 
facturers also  are  having  trouble  keeping  aluminum-bronze  scrap  from 
being  mixed  with  their  brass  scrap.  The  two  alloys  used  in  wrought- 
metal  are  95  copper,  5  alumintuq  and  92  copper,  8  alumimmi,  which  have 
practically  the  same  color  as  the  ordinary  2-1  sheet  brass.  It  is  abso- 
lutely impossible  to  run  those  alloys  in  an  ordinary  brass  mill  and  not 
get  them  confused  with  the  regular  brass.  Each  alloy  is  greatly  superior 
to  phosphor-bronze,  either  in  a  hard  or  a  soft  condition.  An  ordinary 
5  per  cent,  aluminum-bronze  wire  drawn  down  to  0.025  in.  (0.63  mm.) 
will  have  a  tensile  strength  of  over  160,000  lb.  per  square  inch  (11,250 
kg.  per  sq.  cm.).  The  same  is  true  of  an  aluminum-bronze  sheet  for 
spring  purposes.  The  only  way  the  Government  can  successfully  have 
aluminum-bronze  substituted  for  phosphor-bronze  will  be  to  select  one 
mill  to  handle  the  whole  output  and  do  nothing  else;  this  would  make 
an  immense  saving  of  tin  in  this  present  crisis. 

'  WacUrk  Win  Co. 
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Bkbbitta  and  8old<r 

G.  W.  Thompbon,*  Brooklyn,  N.  Y. — ^This  subject  has  two  aspects, 
neither  of  which  can  be  ignored:  these  are  the  economic  aspect  and  the 
technical  aspect.  Under  ordinary  conditions,  economic  law  will  take  care 
of  the  couaervation  of  tin.  Under  present  conditions  it  seems  desirable 
that  economic  law  should  still  be  permitted  to  operate  as  far  as  is  practi- 
cable. It  is  true  that  thiB  law  operates  rather  slowly,  and  that  under  war 
conditions  it  cannot  be  depended  upon  to  give  our  Government  the  supply 
it  immediately  needs.  There  should,  therefore,  be  a  designation  of  the 
essential  industries  by  the  Govenmient,  and  tin  should  be  supplied  for 
those  needs,  letting  the  non-essential  industries  take  what  is  left.  At  the 
same  time,  information  ought  to  be  forthcoming  as  to  bow  tin  can  be 
conserved;  with  tin  selling  at  SO  e.  per  pound,  more  or  less,  it  is  to  the 
interest  of  every  consumer  to  get  the  best  information  he  can  as  to  how 
he  can  save  tin.  Economic  law  would  properly  punish  those  who  do  not 
study  their  own  interests  in  this  way.  I  deprecate,  therefore,  any  cen- 
tralized socialistic  effort  toward  avoiding  penalties  through  failure  to 
observe  and  obey  economic  law.  In  saying  this,  however,  I  am  not  un- 
mindful that  it  is  desirable  for  our  Government  to  take  such  control  of 
the  tin  situation  as  may  be  necessary  to  the  prosecution  of  the  war, 
practically  regardless  of  the  effect  of  such  action  upon  individual  in- 
dustry, which  should  studiously  seek  to  adjust  itself  to  the  new  con- 
dition.  The  Government  should  promulgate  such  technical  information 
as  it  can  collect,  showing  how  tin  can  be  conserved,  and  should  urge  upon 
every  consumer  the  exercise  of  hia  common  sense  in  self -protection. 
There  is  very  little  danger  of  any  one  attempting  to  hoard  or  corner  tin, 
in  the  present  state  of  the  market.  Most  consumers  will  be  glad  to.  live 
from  hand  to  mouth,  covering  their  sales  by  purchaaes,  or  vice  versa. 

As  to  the  technical  aspects:  Tin  and  tin  alloys  are  used  to  give 
certain  practical  and  also  certain  artistic  results.  The  practical  factors 
are  those  involved  in  proper  adhesion,  continuity  of  surface,  protection, 
the  right  degree  of  hardness,  proper  working  qualities,  etc.  The  artistic 
results  are  those  that  appeal  purely  to  the  eye  or  to  our  cultivated  sense 
of  what  is  desirable.  There  is  no  doubt  that  a  great  deal  of  tin  could  be 
saved  if  there  were  not  a  demand  for  certain  pleasing  effects.  How  can 
this  saving  be  brought  about?  The  users  of  tin  bearing  alloys  are  not 
the  only  ones  involved  in  this  question.  The  manufacturers  of  solder 
and  babbitt  have  for  a  long  time  sought  to  give  certain  appearances 
to  their  fabricated  bars  and  ingots  in  order  to  make  them  more  salable. 
The  user  of  a  solder  is  very  apt  to  judge  of  its  working  qualities  by  the  , 
appearance  of  the  bar;  the  same  thing  is  true  with  regard  to  babbitts. 
Under  ordinary  conditions,  manufacturers  are  justified  in  trying  to 
*  National  L«ad  Co. 
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produce  attractive  and  coneequenUy  more  salable  products.  It  would 
seem,  however,  that  if  solder  and  bab)>itt  were  cast  in  closed  molds,  just 
as  good  practical  results  would  be  obtained  by  the  user,  without  his  being 
able  to  give  preference  to  solders  of  unnecessarily  higher  grade  on  account 
of  their  appearance.  It  would  be  hopeless  for  any  one  manufacturer  of 
solder  to  undertake  a  change  of  this  kind,  but  if  all  manufacturers  of 
solder  agreed  upon  it,  they  would  be  able,  in  my  opinion,  to  get  the  users 
of  solder  to  take,  and  to  approve  by  their  practical  tests,  metals  containing 
less  tin  than  they  have  been  'accustomed  to.  The  same  is  true  with  re- 
gard to  babbitt  metals. 

An  illustration  of  how,  in  the  use  of  an  alloy,  appearance  sometimes 
is  deceptive,  is  to  be  found  in  the  case  of  what  may  be  called  intermediate 
grades  of  babbitt.  I  am  thoroughly  convinced  that  high-tin  or  high-lead 
babbitts  are  better  than  those  containing  both  lead  and  tin  with  relatively 
high  percentages  of  each.  A  high-tin  babbitt  should  not  contain  more 
than  about  10  per  cent,  of  lead,  and  a  high-lead  babbitt  should  not  contain 
more  than  10  per  cent,  of  tin,  unless  the  percentage  of  antimony  can  be 
correspondingly  increased.  The  intermediate  babbitts,  such  as  those  that 
contain  from  30  to  70  per  cent,  of  lead  or  tin,  may  give  nice  appearing 
castings  that  flow  easily,  but  they  have  not  the  serviceability  of  the  high- 
lead  or  high-tin  babbitts.  Their  hardness  diminishes  very  rapidly  as  the 
temperature  rises,  and  they  have  a  relatively  low  softening  point  due  to 
the  eutectic  components  present. . 

The  CBdmlnm  Supply  of  the  United  SUtes* 
C.  E.  SiEBBNTHAL,t  Washington,  D.  C. — From  being  one  of  the  most 
maUgned  of  metals — a  veritable  bugaboo — cadmium  has  almost  over- 
night become  respectable,  though  its  slender  claim  to  respectabihty  rests 
almost  wholly  on  the  possibility  of  its  substitution  for  tin.  Preliminary 
to  any  campaign  for  such  substitution,  particularly  for  enforced  substi- 
tution, the  possible  supply  of  cadmium  should  be  determined  as  closely 
as  possible;  for  that  reason  the  statistical  inquiry  of  which  this  paper 
embodies  the  results  was  undertaken. 

Production 
Cadmium  is  marketed  in  two  forms,  as  metallic  cadmium,  in  sticks 
or  bars,  and  as  cadmium  sulfide,  the  pigment.  The  metal  has  found 
its  greatest  field  of  use  in  this  country  as  a  component  of  an  easily  fusible 
alloy  that  is  used  in  automatic  fire  extinguishers.  The  sulfide  is 
used  to  some  extent  in  paints  but  chiefly  to  give  color  and  luster  to  glass 
'  and  porcelain. 

The  metal  was  first  made  in  this  country  by  the  Grasselli  Chemical 

*  Published  by  permission  of  the  Director,  U.  3.  Geological  Survey, 
t  Geologiat,  U.  S.  Geological  Surrey. 
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Co.  in  1907.  Since  1910,  the  production  has  grown  rapidly  until,  in 
1916,  the  output  was  over  135,000  lb.  and  in  1917  over  207,000  lb.  The 
output  of  cadmium  sulfide  for  the  Bame  years  increased  from  22,000  to 
50,000  lb.  The  market  for  cadmium  was  a  little  slow  in  the  first  half 
of  1918,  Blocks  accumulated  to  some  extent,  and  production  was  some- 
what curtailed.  In  the  first  eight  months,  the  output  was  118,700  lb. 
of  metallic  cadmium  and  36,500  lb.  of  the  sulfide.  The  stocks  on  hand 
Aug.  31  were  161,000  lb.  of  metallic  cadmium  and  23,500  lb.  of  the  sul- 
fide. Other  companies  now  manufacturing  one  or  both  forms  of  cad- 
mium are  the  American  Smelting  &  Befining  Co.,  the  U.  S.  Smelting, 
Refining  &  Mining  Co.  (including  the  lead  smelter  at  Midvale,  Utah 
and  the  electrolytic  zinc  plant  at  Kennett,  Cal.);  the  Krebs  Pigment  & 
Chemical  Co.;  and  the  Midland  Chemical  Co.  To  these  will  shortly  be 
added  the  Anaconda  Copper  Mining  Co.,  the  Judge  Mining  &  Smelting 
Co.,  and  the  Consolidated  Mining  &  Smelting  Co.  (Ltd.),  of  Trail,  B.  C, 
with  the  possibility  of  still  others.  Several  plants  producing  cadmium- 
bearing  residues  have  sold  them  to  other  companies  already  equipped 
to  recover  the  metal.  This  points  the  way  to  custom  cadmium-reduc- 
tion plants  large  enough  to  handle  economically  the  product  of  those 
plants  whose  output  is  too  small  to  justify  individual  reduction  plants. 

Sources 

There  are  several  cadmium  minerals,  but  none  of  these  occur  in 
profitable  quantities  aa  ores.  The  cadmium  of  commerce  is  derived  from 
Einc  minerals  and  ores,  in  almost  all  of  which  it  occurs  in  minute  quantity, 
the  ratio  being  about  1  of  cadinium  to  200  of  zinc.  Cadmium  behaves 
metallurgically  almost  the  same  as  zinc  and  hence  constitutes  a  fraction 
of  1  per  cent,  of  almost  all  spelter.  The  sources  of  cadmium  that  have 
been  utilized  are  zinc  ores  treated  by  fractional  distillation,  lead-fumace 
bag-house  "fumes,"  and  residues  from  the  purification  vats  of  electro- 
lytic zinc  plants  and  lithopone  plants. 

Fractional  Distillaiion  of  Zinc  Ores. — Prior  to  the  beginning  of  pro- 
duction in  the  United  States,  cadmium  was  made  principally  by  Germany, 
where  it  was  derived  from  zinc  ores  by  the  method  of  fractional  distilla- 
tion, which  has  never  been  practised  to  any  extent  in  the  United  States. 
As  cadmium  has  a  higher  volatility  than  zinc,  the  first  vapor  to  distill 
over,  which  is  ordinarily  caught  as  "blue  powder,"  contains  a  greater 
proportion  of  cadmium  than  that  going  over  later.  This  enriched 
"blue  powder"  by  special  treatment  has  yielded  most  if  not  all  of  Ger- 
many's output  of  cadmium.  Aside  from  the  United  States,  Germany  is 
the  only  important  producer  of  cadmium,  and  her  annual  output  in  the 
years  just  before  the  war  was  about  80,000  pounds. 

In  the  early  years  of  the  war,  spelter  containing  more  than  0.05 
per  cent,  of  cadmium  was  supposed  to  be  unsuitable  for  cartridge  brass. 
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Most  Spelter  distilled  in  the  United  States  and  elsewhere  averages  from 
0.2  to  0.3  per  cent,  of  cadmium,  the  cadmium  content  rai^ng  from  a 
trace  to  about  0.75  per  cent.  The  distillers  of  cadmium-free  ores  and 
the  electrolytic  zinc  plants  were  not  able  to  produce  all  the  high-^rade 
spelter  needed  for  munitions.  In  this  exigency  several  processes  were 
proposed  or  revived  to  remove  the  cadmium  from  zinc  ores.  In  one 
process  it  was  proposed  to  add  carbon  to  the  zinc  concentrates  near  the 
end  of  their  journey  through  the  long  roasting  hearth  and  at  the  same 
time  bring  the  temperature  up  to  Buch  a  point  that  the  cadmium  would 
distill  freely,  but  not  high  enough  to  drive  ofiF  much  zinc.  The  vapor 
coming  off  could  be  collected  and  further  refined  to  recover  the  cadmium. 
Such  a  process  offers  a  possibility  of  recovering  some  part  of  the  1500 
tons  of  cadmium  contained  in  the  zinc  sulfide  concentrate^  produced  in 
the  JopUn  district  in  1917.  The  acceptance  of  spelter  with  0.5  per  cent, 
of  cadmium  as  Army  "high  grade,"  however,  took  away  the  incentive  to 
remove  the  cadmium,  though  this  process  was  for  a  time  put  into  practice 
at  one  smelter. 

Ijead-jumace  Fumes. — All  lead  ores  contain  a  certain  amount  of  zinc. 
In  but  one  important  lead-producing  district  in  the  United  States,  the 
disseminated  lead  district  of  southeastern  Missouri,  is  the  quantity  of 
zinc  too  small  to  pay  to  separate  in  ore-dressing.  When  lead  ores  are 
smelted,  the  infinitesimal  quantity  of  cadmium  in  the  charge  is  separated 
from  the  associated  zinc,  the  latter  going  into  the  sl^  and  the  cadmium 
going  over  with  the  fumes  and  being  caught  in  the  bag  house,  together 
with  the  lead  and  arsenic  which  were  in  the  fumes.  When  these  fumes 
have  accumulated  in  sufficient  quantity  they  are  ignited  and  burnt  to  a 
clinker.  This  is  charged  back  into  the  blast  furnace,  and  the  cadmium 
returns  over  the  same  route,  accompanied  by  the  cadmium  content  of  the 
fresh  charge  of  ore.  Thus  the  cadmium  and  arsenic  are  constantly 
enriched  while  the  lead  remains  constant.  At  one  lead  smelter,  which  has 
been  in  operation  6  years,  the  bag-house  dust  carries  S  per  cent,  of  cad- 
mium. The  percentage  of  cadmium  in  the  bag-house  fiunes  at  different 
smelters  ranges  from  less  than  0.1  to  10  or  15  per  cent.  The  rate  of 
enrichment  of  course  depends  6n  the  nature  of  the  ore  that  is  being 
smelted.  When  the  fumes  are  sufficiently  rich  in  cadmium  and  arsenic, 
the  arsenic  is  removed  in  the  arsenic  furnace  and  the  residues,  which  may 
contain  as  high  as  30  or  40  per  cent,  of  cadmium,  are  treated  for  the 
recovery  of  that  metal.  Not  all  lead  smelters  are  equipped  with  bag 
houses,  and  some  lead  ores  contain  very  little  cadmium.  Nevertheless 
the  bag-house  fumes  from  lead  blast  furnaces  must  in  time  become  en- 
riched to  the  point  where  cadmium  can  be  recovered  from  them.  Such 
fumes  have  been  hitherto  the  main  source  of  the  cadmium  produced  in 
this  country. 

Electrolytic  Zinc-plant  Residues. — In  the  reduction  of  zinc  ores  by 
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leaching  and  electrolytic  depoBition  of  the  zinc,  the  zinc  solution,  prior 
to  electrolysis,  is  cleared  of  cadmium  by  precipitation  with  zinc  dust,  for 
the  presence  of  more  than  0.05  per  cent,  of  cadmium  in  spelter  prevents 
it  being  classed  as  grade  A  in  the  Navy  specifications.  As  between  a  zinc 
plant  and  a  lead  plant  treating  the  same  quantity  of  concentrates  the 
zinc  plant  would  handle  from  four  to  ten  times  as  much  cadmium  because 
of  the  greater  amount  of  zinc  involved.  It  can  be  seen,  therefore,  that 
electrolytic  zinc-plant  residues  will  soon  be  a  very  important  source 
of  cadmium.  About  one-third  of  the  supply  in  sight  at  present  \^ill  come 
from  the  zinc  plants.  As  both  the  zinc  and  the  cadmium  are  recovered 
electrolytically  the  question  of  metallm'gic  supervision  is  simplified. 

Since  the  early  part  of  1915,  the  demand  for  high-grade  spelter  has 
been  so  great  that  a  considerable  quantity  of  prime  western  spelter  has 
been  refined  to  the  high  grade  either  by  redistillation  or  by  electrolysis. 
In  electrolysis  the  anode  muds  contain  the  impurities  of  the  ordinal 
spelter  anode,  which  consist  of  cadmium,  lead,  and  iron.  Some  cadmium 
has  been  recovered  from  such  muds. 

Litkopone-plant  Residues. — In  making  lithopone  the  necessary  zinc 
is  supplied  by  dissolving  in  sulfuric  acid  zinc  ashes  and  galvanizer'a 
drosses,  refuse  zinc  oxide,  or  roasted  zinc  concentrates.  The  zinc  sul- 
fate solution  thus  obtained  must  be  purified  by  precipitating  out  the 
deleterious  ingredients,  among  which  is  cadmium.  The  cadmiuin  resi- 
dues are  concentrated  to  a  usable  degree  of  richness  and  worked  up  or  sold. 
The  cadmium  at  lithopone  plants  is  most  conveniently  recovered  in 
the  form  of  the  sulfide. 

Brass-shop  Fumes. — A  competent  authority  estimates  that  3  per  cent, 
of  the  zinc  used  in  brass  manufacture  escapes  in  the  form  of  fumes.  One- 
half  of  this  zinc  escapes  up  the  flues  in  the  melting  and  may  be  precipi- 
tated by  Cottrell  apparatus  or  otherwise,  but  the  other  half  escapes  into 
the  air  in  pouring  from  the  melting  pots  and  is  lost.  The  Bureau  of 
Mines  estimated  several  years  ^o  that  400  lb.  of  cadmium  was  lost 
daily  in  such  fum^  at  Waterbury,  Conn.  It  is  likely  that  the  quantity 
is  less  now,  relatively  at  least,  because  of  the  prevailing  wider  use  in 
brass-making  of  spelter  practically  free  of  cadmium. 

The  fumes  are  richer  in  cadmium  than  the  spelter  used,  because  of  the 
higher  volatility  of  cadmium.  They  average  about  0.2  per  cent,  of  lead, 
2  per  cent,  of  copper,  30  per  cent,  of  zinc,  and  from  1  to  1.5  per  cent,  of 
cadmium.  If  such  fumes  were  used  in  the  manufacture  of  lithopone, 
the  resulting  residues  would  be  much  richer  in  cadmium  than  those 
obtained  when  zinc  ashes  are  used. 

Resources 
A  canvass  was  made  of  lead  smelters,  electrolytic  zinc  reduction  and 
refining  plants,  lithopone  plants,  and  a  few  typical  brass  works,  with  the 
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object  of  ascertaining  the  yearly  recovery  of  cadmium  in  fumes  and  reai- 
dues,  the  accumulated  stocks  of  such  materials,  and  the  maximum  yearly 
capacity  of  the  cadmium-reduction  plants.  Completeness  cannot  be 
claimed  for  the  results,  but  fairly  detailed  replies  were  received  from  the 
larger  producers.  Little  attention  has  been  paid  to  the  cadmium  content 
of  fumes  and  residues,  especially  at  plants  where  it  accumulates  in  small 
quantity. 

According  to  the  data  in  hand,  cadmium  is  accumulating  at  lead 
smelters  at  the  rate  of  350  to  400  tons  annually  and  the  stocks  of  fumes 
contain  over  750  tons  of  cadmium.  At  electrolytic  zinc  plants  about 
200  tons  is  accumulating  annually  and  the  stocks  of  residues  contain 
about  400  tons.  At  hthopone  plants  probably  50  tons  is  produced 
yearly  and  about  25  tons  is  contained  in  stocks.  In  round  numbers, 
then,  600  tons  accumulates  annually,  and  there  is  on  hand  approximately 
1200  tons  in  stocks  of  fumes  and  residues.  Not  all  the  stocks  are  rich 
enough  for  the  cadmium  to  be  commercially  recovered  but  perhaps  mate- 
rial that  carries  1000  tons  is  suitable  for  treatment.  The  average  recov- 
ery of  cadmium  is  about  75  per  cent.  We  may  therefore  estimate  750 
tons  of  recoverable  cadmium  in  residues  in  stock.  An  increase  in  the 
number  and  capacity  of  electrolytic  zinc  plants  will  correspondingly  in- 
crease the  annual  accumulation  of  cadmium. 

Reduction  Capacity 

The  maximum  capacity  for  metftlUc  cadmium  reported  by  producers 
is  29,000  lb.  a  month,  or  about  175  tons  a  year.  This  capacity  will 
be  increased  by  the  entrance  into  the  producing  list  of  the  electrolytic 
zinc  plants  mentioned  above.  If  the  price  of  cadmium  and  the  demand 
for  it  should  justify  expansion,  the  producing  capacity  could  no  doubt 
be  brought  up  with  reasonable  promptness  to  500  tons  or  more  yearly. 
The  price  of  cadmium  will  be  the  deciding  factor  also  in  determining 
what  grade  of  cadmium  fumes  can  be  worked  at  a  profit. 

Prices 

In  1S75,  cadmium  was  quoted  in  the  United  States  at  $3.20  a  pound. 
In  1886,  the  average  price  for  the  total  output  of  Germany  was  80  cents 
a  pound;  but  in  1890  and  1892,  it  fell  off  to  38  cents.  In  1897,  because 
of  certain  purchases  by  the  Imperial  Government,  the  price  rose  to  $1,23 
a  pound.  In  1907,  when  the  United  States  began  making  cadmium,  the 
German  average  price  was  84  cents.  The  price  in  the  United  States 
went  down  to  53  cents  in  1909,  but  it  has  been  steadily  rising  since.  In 
1916,  the  average  price  was  $1.56  a  pound;  and  in  1917,  it  was  $1.47. 

The  cost  of  material  for  tin  and  cadmium  solders  of  various  formulas 
is  shown  in  the  following  Table  I. 
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Table  1.— Cost  of  Matenal  in  100  Pounds  of  Solder,  Oct.  1,1918 


Lead  at  8.05  cents. 

Tin  at  80  cents 

Cadmium  at  $1.S0 . 

Total  cost 


PuU  Lead 
to  PmI.  ~    ■    ■ 


6,44 
8.00 
16.00 


8  Pkrta  Ckdmium 


7.41 
12.00 
19.41 


The  Bolder  containing  SO  parts  lead,  10  parts  tin,  and  10  parts  cad- 
mium can  be  made  as  cheaply  as  the  half-and-half  solder  with  cadmium 
at  S3.00  a  pound  and  as  cheaply  as  solder  containing  60  parts  lead  and 
40  parts  tin  with  cadmium  at  S2.25  a  pound.  The  solder  containing  92 
parts  lead  and  S  parts  cadmium  can  be  made  as  cheaply  as  the  lead-tin 
solders  with  cadmium  at  S4.00  and  $3.25  a  pound  respectively. 

DISCUSSION 

M.  L.  LissBBRQER,*  New  York,  N,  Y. — We  have  heard  a  good  deal 
about  replacing  the  tin  in  solder  by  cadmium,  but  we  have  not  heard 
anything  about  using  cadmium  in  bronzes,  brasses,  and  many  other 
places  where  cadmium  is  already  found  with  the  zinc.  If,  however, 
only  160,000  lb.  of  cadmium  are  available  and  it  is  desirable  to  con- 
serve tin,  why  not  substitute  cadmium  for  tin  in  bronze  first?  Those 
who  have  worked  in  cadmium  think  little  of  it  in  a  solder.  Cadmium 
solder  may  have  its  uses  in  electrical  work,  when  it  is  made  in  the  form 
of  wire  or  ribbon,  and  is  melted  with  a  blowpipe;  but  when  used  for 
bath  work,  cadmium  is  soon  oxidized  and  the  bath  becomes  unwork- 
able. As  soon  as  an  attempt  is  made  to  mix  cadmium  and  lead,  the 
cadmium  is  converted  into  an  oxide.  A  tin-lead  solder  is  an  absolutely 
permanent  mechanical  mixture;  to  use  cadmium  solder  until  its  perma- 
nency is  known  is  dangerous.  In  addition,  the  effect  of  cadmium  solder 
on  food  is  not  known;  but  it  is  known  that  solder  containing  80  per 
cent.  lead  should  not  be  used  in  any  food  container  where  there  is  any 
danger  of  the  lead  getting  into  the  food. 

There  are  means  of  conserving  tin  without  danger.  Bearing  manu- 
facturers could  use  all  the  cadmium  that  will  be  available  for  the  next 
3  or  4  years  if  a  method  for  thus  using  it  could  be  found,  and  thus 
save  the  tin  now  used  in  bearings  for  purposes  where  a  dependable 
substitute  has  not  yet  been  found.  The  use  of  phosphor-tin  frequently 
permits  the  use  of  less  tin  in  a  mixture,  because  in  many  cases  tin  is 
used  merely  to  smooth  the  mixture.     But  one  of  the  chief  places  to 
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coDserre  tin  is  in  the  plant.  Care  ehould  be  taken  to  prevent  its  going 
into  oxides,  drosses,  and  other  waste  and  not  to  use  acrap  that  contains 
tin  in  mixtures  that  do  not  require  tin.  Scrap  containing  tin  should 
.  be  employed  only  in  mixliureB  in  which  tin  must  be  used. 

Chahles  W.  Hill,*  East  Pittsburgh,  Pa. — The  use  of  lead-cadmium 
solders  is  complicated  by  the  ease  with  which  cadmium  oxidizes.  The 
addition  of  tin  or  zinc  to  lead-cadmium  mixtures  appears  to  reduce  this 
tendency  toward  oxidation,  so  that  these  solders  may  be  readily  used 
in  iron  soldering  and  if  precautions  against  overheating  are  taken  they 
may  be  used  in  pot  soldering. 

Zinc  is  only  slightly  soluble  in  lead-cadmium  mixtures.  Inoreasii^ 
percentiles  of  cadmium  increase  the  tendency  to  oxidation  and  raise 
the  cost  of  the  solder  without  increasing  its  strength.  Most  of  otir 
experiments  have  been  made  with  a  solder  composed  of  lead  90.8  per  cent., 
cadmium  7.8  per  cent.,  and  zinc  1.4  per  cent.  We  have  experienced  no 
difficulty  in  preparing  these  solders  using  the  ordinary  precautions  of 
solder  mixing.  They  are  stronger  than  the  lead-cadmium-tin  solders 
especially  at  temperatures  above  25°  C.  At  100°  C,  they  seem  to  be 
from  50  to  100  per  cent,  stronger  than  half-and-half  solder  and  about 
30  to  50  per  cent,  stronger  than  pure  tin.  The  tests  were  made  by  pull- 
ing apart  two  copper  cylinders  that  had  been  soldered  end  to  end.  This 
strength  at  high  temperatures  is  of  value  in  soldering  apparatus  that 
will  become  heated  from  one  cause  or  another,  such  as  articles  which 
are  to  be  japanned  or  are  heated  by  steam.  In  this  respect  the  lead- 
cadmium-zinc  solders  are  much  superior  to  lead-cadmium-tin  solders. 

The  lead-cadmium-tin  solders  cannot  be  fluxed  well  without  the 
use  of  a  metaUic  chloride  fiux  such  as  zinc  ohloride.  They  give  good 
results  on  certain  metals  with  organic  Suxes,  such  as  rosin  or  glycerine, 
but  the  soldered  joint  is  stronger  when  zinc-chloride  fluxes  are  used. 
We  have  soldered  tin  cans  with  zinc-cadmium-lead  solders  without  the 
use  of  a  flux.  The  matter  of  flux  is  of  extreme  importance  in  many 
cases,  because  of  the  corrosive  action  of  excess  flux  left  on  the  soldered 
article.     This  is  true  with  copper. 

It  is  quite  probable  that  any  danger  from  the  use  of  these  solders  for 
tin  cans  used  for  foods  would  arise  from  the  lead  content  and  not  the 
cadmium,  which,  contrary  to  the  opinion  expressed,  is  quite  a  stable 
element,  except  at  high  temperatures.  It  would  obviously  be  dangerous 
to  employ  such  solders  in  contact  with  foodstufiFs  without  sufficient 
experimentation.  The  lead  content  of  solders  can  be  lowered  and  it  is 
quite  possible  that  some  of  the  higher  cadmium  solders  will  not  be 
injurious  to  health  and  will  not  be  attacked  by  the  contents  of  food  cans. 

In  conclusion  it  may  be  said  that  lead-cadmium  zinc  solders  are 

.    *  Research  Laboratory,  Westinghoiue  Elec.  &  Mfg.  Co. 
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entirety  suitable  for  certain  uses  and  even  possess  advantages  over 
present  solders  at  high  temperatures,  but  they  are  certainly  not  suitable 
for  all  uses.  However,  it  is  conceivable  that  their  use  in  many  places 
will  effect  a  material  conservation  of  tin.  It  will  probably  be  wiser  to 
use  cadmium  in  solders  where  good  results  have  been  obtained  than  in 
brass  where  this  element  will  be  a  source  of  possible  trouble. 

r.  F.  CoLCORD,"  New  York,  N.  Y. — The  cadmium-lead  solder  has  a 
higher  conductivity  than  the  lead-tin  alloy,  which  ought  to  make  it 
advantageous  in  the  manufacture  of  electrical  machinery.  In  the  case 
of  solder  for  tin-cau  work,  one  of  the  high  officials  of  the  American  Can 
Co.  said  that  he  fully  intended  to  give  it  a  good  trial,  and  I  do  not  be- 
lieve they  are  going  to  reach  hasty  conclusions  and  run  the  risk  of  poison- 
ing the  pubUc. 

Solder,  Its  Use  and  Abuse 

Milton  L.  LissBBRQER,t  New  York,  N,  Y. — Solder  is  a  mechanical 
mixture  of  tin  and  lead,  a  fact  which  is  susceptible  of  very  simple  demon- 
stration. A  bar  of  solder  of  a  grade  even  as  low  as  30  per  cent,  tin  and 
70  per  cent,  lead,  passed  through  a  buffing  machine,  will  show  a  surface 
■practically  identical  with  that  of  a  bar  of  second-quality  or  reclaimed 
tin.  The  buffings,  on  chemical  analysis,  will  prove  to  be  almost  pure 
lead. 

According  to  the  best  practice,  solder  is  made  in  the  following  manner. 
Virgin  pig  lead  is  Siat  melted,  and  when  it  is  thoroughly  Hquefied,  virgin 
pig  tin  is  added,  together  with  a  small  amount  of  flux;  the  latter  is  for 
the  purpose  of  bringing  to  the  surface  the  so-called  "liver,"  consisting  of 
impurities  that  may  have  remained  in  either  the  lead  or  the  tin  as  a 
result  of  incomplete  refining.  The  combined  material,  when  completely 
liquid,  is  thoroughly  stirred  for  some  hours,  and  is  then  cast  into  small 
pigs.  Just  before  casting,  and  continuously  during  this  operation,  the 
molten  metal  yields  dross,  consisting  lately  of  the  oxides  of  lead  and 
tin;  this  should  be  carefully  skinmied  off. 

After  the  pigs  have  cooled,  they  are  taken  to  a  snmller  kettle,  re- 
melted,  and  cast  into  the  desired  shape  for  use;  or  if  wires,  ribbons,  etc., 
are  to  be  made,  the  solder  is  cast  into  slugs  suitable  for  extrusion  and 
rolling.  During  this  second  operation,  the  skimmii^  of  dross  should  be 
even  more  carefully  done  than  at  first. 

Hand  mixing  has  proved  to  be  the  only  reliable  method  for  the  pro- 
duction of  the  best  quality  of  solder,  irrespective  of  its  percentages  of 
lead  and  tin.  The  best  quality  of  solder  is  not  necessarily  that  which 
contains  the  highest  percentage  of  tin,  but  rather  is  that  composition 
which  performs  best  on  the  required  piece  of  work-    In  order  to  produce 

•  U.  S.  Metals  Re6nii«  Co. 

t.President,  MtLrka  Lissberger  &  Son,  Inc. 
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a  thorough  mechanical  mixture,  it  is  necessary  to  Btir  for  a  long  period; 
experience  has  shown  that  to  perform  this  operation  satisfactorily  takes 
from  5  to  6  hr.,  irrespective  of  the  quantity  of  material  being  mixed, 
and  also  irrespective  of  the  proportion  of  tin  in  the  mixture,  whether  60 
per  cent.,  or  as  low  as  30  per  cent. 

Throughout  the  casting  process,  what  occurs  is  that  the  lead  solidifies 
in  skeleton  crystals  until  the  remaining  liquid  has  the  eutectic  composi- 
tion, when  it  freezes  at  a  constant  temperature  as  a  mechanical  mixture 
of  tin  and  lead  containing  some  tin  in  solid  solution.  It  is  remarkable 
how  many  shapes  these  skeletons  take.  The  seeming  explanation  of  this 
variation  is  the  presence  of  other  metals  than  tin  and  lead,  in  very  small 
proportion,  or  even  traces. 

An  analysis  made,  in  1901,  of  borings  taken  from  a  section  of  a  pig 
of  solder  at  the  points  indicated  in  the  accompanying  diagram^  showed 
the  tin  content  to  be  as  follows:  No.  1, 
59.06  per  cent.;  No.  2,  52.99  per  cent.; 
No.  3,  38.43  per  cent. ;  No.  4,  39.07  per 
cent.;  No.  5,  45.62  per  cent.;  No.  6,  39.33 

Mo.». I     per  cent. ;  No.  7,  38.82  per  cent.     Table  1 

gives  the  breaking  stress  of  twenty-five 
grades  of  wire  solder  of  No.  9  Birmingham 
gage;  tin  wire  of  this  gage  breaks  when 
subjected  to  a  stress  of  120  lb.  and  lead 
wire,  when  subjected  to  a  stress  of  49  lb. 
Table  2  gives  the  bursting  pressures  per 
square  at  different  temperatures  for  twenty-four  grades  of  solder;  in  each 
case  the  pressure  is  dead,  not  expansive. 

In  arriving  at  these  figures,  it  was  impossible  to  use  an  expanrave 
test  because,  after  a  number  of  experiments,  it  was  observed  the  figures 
differed  materially.  It  was  then  determined  to  use  dead  pressure,  and 
this  was  found  accurate  with  an  atmospheric  temperature  of  56°  F.;  but 
when  the  tests  were  subjected  to  heat  at  212°  F.  it  was  discovered  that 
the  length  of  time  to  which  the  test  was  subjected  in  this  degree  of  heat 
made  an  important  difference  in  the  amount  of  pressure  required  to  pro- 
duce the  burst.  When  subjected  to  240°  F.  the  difference  was  found  still 
greater,  and  in  both  cases  the  longer  the  test  was  subjected  to  heat  the 
less  pressure  was  required  to  produce  the  fracture.  The  figures  giving 
the  bursting  points  at  212°  and  240"  must,  therefore,  be  regarded  as 
only  approximately  correct. 

With  the  idea  of  conserving  tin,  solders  should  be  separated  into  two 


'  For  this  diagram  and  the  tables  appended  we  are  indebted  to  Dr.  G.  W.  Thomp- 
BOa  of  the  National  Lead  Co. 
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Table  1. — Breaking  Stress  of  Wire  Solder  of  No.  9  Birmijigkam  Gage* 


25 

75 

65 

48 

52 

93 

28 

72 

68. 

60 

60 

96 

30 

70 

69 

52 

48 

97 

33.3 

66.6 

73 

54 

46 

98.6 

35 

65 

74 

66 

44 

101 

36.5 

64.6 

78 

68 

42 

103 

37 

63 

79 

60 

40 

105 

38 

62 

80 

62 

38 

106.5 

38.5 

61.5 

78 

64 

36 

108 

40 

60 

84 

67 

33 

109.6 

42 

68 

86 

70 

30 

112 

44 

66 

87 

76 

26 

116 

46 

64 

91 

Table  2.- — Bursting  ^Pressure  per  Square  Ijich  o 
peratures 


Solder  at  Different  Tem- 


Tin. 

L««i, 

AtM-F.. 

At  ai2"  F.. 

kKiVfV., 

F«rC«nt. 

FnCent 

Pound* 

FouncU 

PouDda 

26 

75 

362 

146 

74 

28 

72 

384 

168 

77 

30 

70 

417 

170 

84 

32 

68 

436 

179 

88 

33.3 

66.6 

443 

181 

89 

35 

66 

460 

188 

93 

37 

63 

476 

196 

97 

38 

62 

482 

199 

99 

40 

60 

493 

202 

100 

42 

58 

497 

208 

103 

45 

65 

505 

212 

105 

46 

54 

508 

213 

106 

48 

52 

515 

216 

107 

50 

50 

622 

220 

109 

62 

48 

627 

223 

111 

54 

46 

527 

223 

111 

66 

44 

528 

223 

111 

68 

42 

533 

227 

113 

60 

40 

533 

227 

113 

62 

38 

536 

227 

113 

64 

36 

539 

227 

114 

66 

34 

641 

227 

114 

70 

30 

660 

230 

116 

75 

26 

661 

236 

118 

*  Experiments  made  hy  F.  W.  SchulU  and  recorded  in  Mb  book  on  Solder  published 
ildOS. 
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(1)  Tbat  which  ia  used  strictly  for  soldering,  that  is,  joining  and  hold- 
ing together  two  pieces  of  metal. 

(2)  That  which  is  used  primarily  for  the  filling  of  an  interlocked  joint, 
BO  as  to  prevent  the  escape  of  the  contents  of  a  container.  It  is  these 
filling  metals  that  ofiFer  the  greatest  opportunity  for  the  conservation  of 
tin.  It  is  only  necessary  that  the  metal-  shall  Sow  into  the  seam,  and 
sohdify  into  an  impenetrable  mass. 

The  greatest  abuse  of  solder  occurs  in  the  use  of  high-tin  mixtures  for 
filling  metals.  A  mixture  of  25  per  cent,  tin  and  75  per  cent.'  lead,  worked 
at  the  right  temperature  and  with  proper  fluxing,  is  high  enough  in  tin 
for  any  filling  purpose,  as  has  been  demonstrated  in  the  practice  of  the 
oil  canners,  notably  the  Standard  Oil  Company. 

The  filling  operation  is  usually  conducted  by  machinery,  but  the 
users  have  frequently  not  realized  that  the  baths  are  considerably  richer 
in  tin  at  the  top,  through  which  layer  the  container  is  being  dragged, 
than  the  solder  that  is  put  into  the  baths.  When  the  40:60  solder, 
most  commonly  used  on  automatic  can-making  machinery,  has  not 
worked  entirely  satisfactorily,  it  has  often  been  found  that  the  addition 
of  1  or  2  in.  to  the  depth  of  the  bath  has  made  the  solder  work  very 
much  better.  Hence,  one  of  the  best  means  of  conserving  tin  in  can- 
making  solder  is  to  deepen  all  baths,  whether  on  line  machinery  or  for 
hand  dipping,  thus  permitting  the  use  of  a  lower-grade  solder.  Owing 
to  the  increasing  adoption  of  the  Bo-called  "sanitary  can"  in  the  food- 
canning  industry  and  of  the  interlocked  seam  for  oil  and  other  containers, 
it  is  safe  to  estimate  that  over  75  per  cent,  of  the  entire  consumption  of 
solder  is  used  as  filling;  hence,  the  possible  saving  of  tin  in  this  direction 
becomes  highly  important. 

The  fact  that  solder  dross  contains  a  higher  percentage  of  tin  than 
the  original  solder  has  usually  been  explained  on  the  assumption  that 
tin  oxidizes  more  rapidly  than  lead.  The  probable  explanation  is  that 
in  solder  baths  the  lead  is  gradually  working  toward  the  bottom  and  the 
tin  to  the  top,  where  it  is  exposed  to  the  oxygen  of  the  air;  thus  the  oxide 
of  solder  is  richer  in  tin  than  the  original  solder. 

The  overheating  of  solder  is  not  only  detrimental  to  the  work,  but 
also  causes  some,  though  not  a  very  great,  waste  of  tin  through  the  ex- 
cessive production  of  oxide.  While  this  oxidation  may  be  a  source  of 
considerable  expense  to  the  package  manufacturer,  it  is  not  actually  a 
very  serious  loss  of  tin  because  the  reclaiming  of  these  drosses,  or  oxides, 
has  been  so  perfected  that  very  Uttle  of  the  original  metallic  contents  is 
lost.  In  these  days,  however,  when  every  ounce  of  tin  should  be  con- 
served, both  to  insure  a  sufficient  supply  for  the  most  essential  work," 
and  to  save  the  useless  transportation  of  a  material  which  comes  such 
long  distances  by  boat,  overheating  should  be  avoided,  and  all  baths 
should  be  covered  with  a  protecting  material  such  as  sal  ammoniac,  oU, 
charcoal,  or  ash, 
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In  this  coDDectioD,  it  should  be  emphasized  that  every  particle  of 
solder  oxide  should  be  preserved,  and  sent  to  the  reclaimer.  A  teaspoon- 
ful  of  solder  dross  contains  enough  solder  to  make  a  S^al.  can  or  100 
No.  1  cans.  In  many  plants,  even  those  of  some  of  our  lai^^  con- 
sumers of  solder,  this  drosa  is  not  collected  and  saved  with  sufficient 
care.  It  is  seldom  that  a  thorough  cleaning  and  gathering  together  of 
the  oxides  takes  place  more  than  once  a  week. 

Fire  will  purify  these  reclaimed  materials,  when  properly  refined, 
and  in  purity  they  will  compare  favorably  with  the  virgin  materials. 
However,  too  httle  attention  has  been  paid  to  the  proper  refining  of 
these  scrap  metals.  Usually  they  have  simply  been  put  into  a  kettle, 
melted  down,  and  then  brought  up  or  down  to  the  required  composition. 
This  is  not  sufficient.  Keclaimed  metals  are  never  equal  to  virgin 
metals,  no  matter  how  much  refining  they  undergo ;  nevertheless,  for 
certain  classes  of  work  they  are  economical  and  efficient.  The  repeated 
use  of  metal  affects  its  physical  permanency;  yet  the  margin  of  safety 
in  the  use  of  solder  is  so  large,  and  the  length  of  time  that  solder  is 
required  to  remain  on  the  container  is  so  comparatively  short,  that 
any  lack  of  permanency  can  usually  be  safely  disr^arded. 

After  many  years  of  experience,  we  have  developed  the  following 
method  of  manufacture.  The  lead  is  first  melted  at  a  temperature  which 
does  not  cause  too  rapid  fusion.  After  the  dross  has  had  a  chance  to 
rise  to  the  surface,  it  is  carefully  skimmed  o£F  before  the  required  amount 
of  tin  is  added,  and  slowly  reduced  to  the  liquid  state.  From  the  moment 
the  tin  is  added,  the  solder  is  stirred  by  hand  for  3  to  4  hr.  A  scavenger 
is  then  added  and  thoroughly  worked  for  another  3  to  4  hr. ;  the  resulting 
dross  is  a^tdn  skinmied,  and  the  solder  is  cast  into  pigs  of  approximately 
80  lb.  each.  These  pigs  are  then  remelted  in  smaller  kettles  at  a  tem* 
.  perature  which  just  causes  free  fluidity,  and  the  solder  is  then  cast  into 
the  desired  shapes.  During  the  entire  operation  of  final  casting,  the 
caster  stirs  every  time  he  takes  a  ladleful  from  the  pot. 

This  work  could  be  done  much  more  rapidly  at  higher  temperatures, 
and  much  more  economically  by  the  use  of  mechanical  mixers,  but  the 
resulting  solder  would  not  be  so  thoroughly  mixed,  nor  would  it  be  so 
fluid.  Mechanical  mixing  has  a  tendency  to  drive  the  oxide  and  dross 
back  into  the  metals,  thus  diminishing  the  holding  power  of  the  solder. 
The  scavenger  must  be  chosen  with  great  care,  and  the  amount  must  be 
very  accurately  gaged;  otherwise  the  scavenger  becomes  a  constituent 
of  the  finished  product,  and,  instead  of  being  beneficial,  is  a  detriment. 
We  have  found  that  in  the  grades  of  solder  containing  46  per  cent,  and 
less  of  tin,  the  addition  oi}^to^  per  cent,  of  the  best  grades  of  antimony 
increases  the  fluidity  ^nd  holding  strength  of  the  solder  for  working 
tin  plate. 

Next  to  its  use  for  containers,  the  largest  consumption  of  solder 
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has  been  on  gasolene  motor  radiators.  The  hand  work  on  these  radiators 
requires  merely  a  free-flowing  clean  solder,  but  on  the  dipping  work, 
where  most  of  the  solder  is  used,  the  greatest  abuse  has  been  practised. 
As  these  radiators  are  composed  of  copper,  low  brass,  or. ordinary  braes, 
no  antimony  whatever  should  be  added  to  the  solder  used  for  this  purpose. 
Also  the  affinity  of  tin  and  lead  for  zinc  and  copper  will  draw  both  of 
these  metals  from  the  radiators  into  the  baths,  and  as  both  copper  and 
zinc  make  solder  slug^h,  it  does  not  take  long  (unless  proper  methods  are 
employed  for  cleansing  the  baths)  for  the  solder  to  become  deteriorated. 

These  baths  can  be  thoroughly  cleaned  by  a  mixture  of  rosin  and 
sulfur,  but  as  this  operation  produces  very  disagreeable  black  smoke 
throughout  the  plant,  some  method  should  be  devised  for  disposing  of  it. 
When  sulfur  is  used  for  removing  zinc  and  copper,  a  sufficiently  hi^ 
temperature  should  be  employed  to  insure  the  complete  combustion  of  the 
sulfur.  The  baths  should  then  be  allowed  to  settle  for  at  least  half  an 
hour  after  such  heating,  and  the  top  carefully  skimmed  to  remove  any 
sulfides  present.  It  is  important  to  note  that  the  presence  of  any  non- 
metallic  substance  is  injurious  to  solder,  whether  it  has  been  added  as  a 
scavenger  or  is  liberated  from  the  original  metals. 

The  question  is  frequently  asked,  what  is  the  strongest  solder  that 
can  be  made?  Numerous  experiments  have  been  made,  but  the  results 
are  confusing.  Tests  of  tensile  strength,  based  upon  wires  and  cast  bars, 
indicate  that  the  higher  the  tin,  up  to  75  per  cent,  tin,  25  per  cent, 
lead,  the  greater  the  breaking  strength;  in  the  case  of  two  pieces  of 
tin  plate  soldered  together,  the  maximum  strength  is  given  by  a  solder 
containii^  around  42  per  cent.  tin.  Other  tests  were  made  on  square 
&-gal.  cans,  completely  filled  with  water  and  then  capped;  when  dropped 
from  a  height  of  about  100  ft.,  the  cans  soldered  with  46  per  cent,  tin, 
54  per  cent,  lead,  in  no  case  broke  at  the  seams,  although  the  tin  plate 
was  ruptured.  This  was  the  only  mixture  that  gave  this  result.  Cans 
soldered  with  47  per  cent,  or  more  of  tin,  53  per  cent,  or  less  of  lead, 
and  with  45  per  cent,  or  less  of  tin,  55  per  cent,  or  more  of  lead,  occa- 
sionally ruptured  at  the  seams.  These  experiments  were  made  most  care- 
fully and  were  afterward  confirmed  by  subjecting  the  cans  to  air  pressure. 

I  am  thus  inclined  to  believe  that,  in  round  figures,  46  per  cent, 
tin,  54  per  cent,  lead,  is  the  strongest  mixture  that  can  be  used  for  gen- 
eral soldering  purposes,  particularly  if  ^  to  ^  per  cent,  of  antimony 
be  added  to  the  mixture.  The  Bureau  of  Standards,  with  the  approval  of 
the  War  Industries  Board,  su^ests  that  the  highest  grade  of  solder  per- 
mitted should  be  45  per  cent,  tin,  55  per  cent.  lead.  For  mechanical  sol- 
dering, 40  per  cent,  should  be  the  highest  tin  ratio,  and  for  most  bath 
work  it  has  been  demonstrated  that  tin  from  35  per  cent,  to  38  per  cent., 
according  to  the  nature  of  the  work,  will  give  ample  satisfaction,  pro- 
vided the  solder  is  made  properly. 
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Air  Blasts  in  the  Kolar  Gold  Field,  India 

DiacuBHJoa  of  the  paper  of  E.  S.  Moore,  presented  Ett  the  Colorado  meeting,  Sep- 
tember, 1018,  &nd  printed  in  BuUettn  No.  136,  March,  1918,  p.  687. 

E.  S.  MoOBB  (author's  reply  to  discussion*). — I  have  read  with  much 
interest  Dr.  W.  F.  Smeeth's  criticism'  of  my  article  on  the  air  blasts  in 
the  Kolar  Gold  Field,  India.  However,  before  answering  the  questions 
he  asked,  I  should  like  to  suggest  that  possibly  the  phrase  "difference 
of  opinion"  might  be  substituted  for  the  word  "misapprehension" 
when  applied  to  my  statement  that  the  matrix  of  the  conglomerate 
resembles  a  hornblende  schist.  This  conglomerate  is  certainly  regarded 
as  a  metamorphosed  sediment.  Dr.  Evans,  who  has  had  wide  experience 
with  metamorphic  rocks,  has  regarded  this  as  a  clastic  rather  than  an 
autoclastic  rock  and  mentions  it  as  a  probable  glacial  deposit*  and  similar 
to  the  Lower  Huronian  conglomerate  of  North  America.  I  was  greatly 
impressed  by  the  similarity  between  this  rock  and  the  bands  of  Huronian 
conglomerate  in  the  United  States  and  Canada  where  metamorphism  has 
rendered  the  matrix  of  the  rock  schistose.  It  was  scarcely  intended  that 
the  word  basal,  as  used  in  my  text,  should  be  extended  to  the  Kolar 
field,  although  possibly  it  may  be  equally  applicable  there.  The  word 
is  so  frequently  used  on  this  continent  for  the  Lower  Huronian  conglomer- 
ate, which  in  many  places  is  the  basal  formation  of  the  predominantly 
sedimentary  Froterozoic  group,  overlying  the  more  largely  igneous 
Archeozoic  rocks,  that  it  was  inadvertently  used  without  special  strati- 
graphic  significance  for  the  Kolar  area.  In  reply  to  Dr.  Smeeth's 
question  as  to  how  the  conglomerate  indicates  a  syncline,  it  would  seem 
that  if  there  is  present  in  a  closely  folded  area  a  band  of  sediment  that 
is  younger  than  the  surrounding  rocks,  it  must  be  in  a  syncline  in  those 
rocks. 

As  to  an  apparent  contradiction  in  the  statement  on  page  693  regard- 
ing the  compressive  stress,  it  does  not  seem  that  such  contradiction 
exists;  I  think  every  one  will  take  the  same  meaning  as  Dr.  Smeeth  has 
taken,  which  is  exactly  what  was  intended. 

As  to  the  difference  between  the  minor  explosions,  or  rock  bursts,  and 
the  larger  disturbances,  or  so-called  quakes,  shocks,  or  earth  tremors,  I 
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feel  like  reiterating  the  opinion  that  there  is  no  real  sharp  distinctioi) 
between  them  in  many  casee,  because  the  same  agent  that  produces  the 
former  may  aid  in  producing  the  latter  and  in  cau^g  them  to  be  of 
greater  intensity.  The  results  of  the  larger  disturbances  are  very  much 
greater  than  those  of  the  smaller,  but  the  same  strain,  inherent  in  the 
rocks,  causes  the  larger  explosions  to  occur  more  frequently  and  at 
shallower  depths  than  those  at  which  they  would  occur  if  this  unusual 
strain  were  nit  present.  However,  the  fact  is  not  lost  sight  of  that 
heavy  shocks  have  occurred  in  deep  mines  in  South  Africa*  and  in  other 
regions  where  the  superincumbent  weight  of  the  rocks  alone  causes 
violent  ruptures  in  pillars  and  other  supporting  bodies  of  rock  left  in 
mine  workings.  The  physical  character  of  the  rock  will,  of  course,  have 
great  influence  on  the  intensity  of  the  blast. 

As  to  the  cause  of  the  strain  in  the  rocks  of  the  Kolar  region,  it  miist 
still  be  regarded  as  due  to  movements  which  cause  compression  in  the 
earth's  crust.  This  seems  to  be  well  illustrated  by  the  bursting  of  rocks, 
observed  by  some  engineers  in  the  quarries  of  this  country,  as  well  as  by 
the  other  cases  cited  in  my  article. 

I  notice  a  small  error  was  made  in  recording  my  notes,  as  a  result  of 
which  the  circular  shaft  was  mentioned  as  being  on  the  Mysore,  instead 
of  on  the  Champion  Reef  property  (p.  689). 

In  concluding,  I  wish  to  thank  Dr.  Smeeth  for  his  discussion  of  the 
paper  and  the  very  valuable  data  which  he  has  submitted  in  describing 
in  detail  the  effects  of  notable  shocks  and  the  methods  employed  to  pre- 
vent them. 


Method  of  Fixing  Prices  of  Bituminous  Coal  Adopted  by  the  United 
States  Fuel  Administration 

DiscusaioD  of  the  paper  of  Ctsos  Gabhset,  Jr.,  R.  V.  Nobbis,  and  J.  H.  AujPobt, 
presented  at  the  Colorado  meeting,  September,  1918,  and  printed  in  BuUdm  141, 
September,  1918,  p.  1411. 

Edqene  McAuliffb,*  St,  Louis,  Mo. — The  method  employed  by  the 
Ei^neer's  Committee  in  arriving  at  a  proper  selling  price  for  coal  and 
coke  represents  hard  painstaking  effort  based  on  a  thoroughly  scientific 
foundation;  and  the  United  States  Fuel  Administration  can  well  point 
with  pride  to  the  work  of  this  conmiittee.    The  results  so  obtained  placed 

■  Since  the  writing  of  this  article,  R.  N.  Kotz^  Government  Mining  Engineer  of  the 
Union  of  South  Africa,  has  veiy  kindly  sent  the  writer  a  copy  of  the  Report  of  the 
Witwatersrand  Earth  Tremors  Committee,  which  concluded  that  the  shooks  in  the 
mines  of  that  region  were  entirely  the  result  of  mining  operations  and  that  they  weic 
liable  to  occur  after  such  a  depth  was  reached  that  the  sufierincumbent  weight  of 
the  overlying  rocks  was  sufficient  to  crush  the  pillars  in  the  mine  workings. 

'Preaideat,  Union  Colliery  Co. 


V,  Goov^lc 


UBTHOD  or  Fizma  PBicsia  of  BmruiNOUS  coai.  1767 

the  whole  price-fixing  iamie  above  and  beyond  the  qweepiiig  criticism 
which  was  directed  against  the  so-called  Lane-Peabody  prices.  The 
meager  cost  data  available,  and  the  brief  time  allowed  for  study  of  costs, 
presented  an  insurmountable  difficulty  which  the  Feabody  Committee 
was  unable  to  overcome;  its  path  was  in  no  sense  made  easy  by  the 
attitude  of  certain  producers  who  looked  on  the  opportunity  as  one  for 
the  exercise  of  unbridled  hcense,  while  consumers  who  hitherto  had 
enjoyed,  except  for  short  seasons,  an  extremely  low  fuel  cost,  became 
not  only  hysterical  in  their  actions  but  extremely  pointed  in  their  charges. 
The  fact  that  the  Engineer's  Committee  was  able,  within  a  few  weeks, 
to  quiet  all  criticism,  winning  the  endorsement  and  commendation  of 
both  producer  and  consumer,  indicates  work  of  a  character  and  scope 
deserving  of  the  highest  approval. 

In  the  hurry  and  fervor  incident  to  transforming  a  nation  with  but  a 
limited  naval  force,  and  with  only  the  nucleus  of  an  army,  into  a  great 
militant  power,  Uttle  serious  consideration  is  being  given  to  what  might 
'  be  called  the  readjustment  period  that  will  follow  the  world's  war,  and  the 
question  of  making  permanent  provision  for  the  intelligent  control  of  the 
coal  industry  after  the  war  is  over  is  one  that  may  well  merit  our  atten- 
tion. The  experience  of  the  past  three  years  has  demonstrated  the  vital 
relation  that  coal  as  a  commodity  bears  to  our  governmental  and  eco- 
nomic structure,  and  with  a  war-inflated  wage  rate  in  effect  when  the  pre- 
war competitive  condition  returns — perhaps  suddenly- — ^the  very  exist- 
ence of  many  properties  may  be  jeopardized  by  an  excessive  production 
cost,  largely  due  to  the  application  of  uniform  unit  wage  increases  jnade 
without  regard  to  the  physical  and  market  conditions  surrounding 
certain  properties. 

The  doctrine  of  the  survival  of  the  fittest  is  not  a  safe  one  to  depend 
on,  inasmuch  as  the  elimination  of  the  unfit  might  reduce  production  to  a 
point  that  would  put  the  remaining  producers,  temporarily  at  least,  in  a 
commanding  position  that  would  prove  unsound  and  perhaps  prejudicial 
to  the  industry  as  a  whole.  While  attempting  to  guard  against  extra- 
ordinary conditions,  such  as  may  follow  the  war,  the  theory  of  individual- 
ism which  gives  every  man  incentive  to  put  forth  his  best  effort  must  not 
be  lost  sight  of;  it  is  not  only  the  right  but  the  duty  of  the  State  to  apply 
to  business  a  measure  of  regulation,  sufficient  to  meet  the  requirements  of 
the  well-being  of  the  country  as  a  whole.  The  rapid  unionization  of  our 
industrial  population  bespeaks  a  further  tendency  toward  what  might  be 
termed  "limited  SociaUsm"  which  can,  without  doubt,  be  best  adminis- 
tered through  the  mediiun  of  inteUigent  Government  control,  the  regula- 
tory body  acting  as  an  intermediary  between  the  producer  and  hla  labor 
on  the  one  hand,  and  the  consumer  on  the  other. 

No  greater  safeguard  could  be  provided  for  producer  and  user  than 
the  continuation,  after  the  war,  of  a  Federal  Fuel  Administration, 


iflbyGoov^Ie 


1768  DiacussioN:  Colorado  HEETiNa,  1918 

endowed  with  plepary  regulatory  powers.  The  coal  industry  transcends 
in  importance  the  street  railway,  water,  gas,  and  electric  power  facilities, 
and  should  forthwith  be  classed  a  pubUc  utihty  of  prime  importance. 
Such  regulation  must  be  made  broad  enough  to  comprehend,  not  only  the 
stabihty  of  the  industry,  including  prices,  but  also  the  conservation  of  our 
coal  resources;  the  safety  of  mine  employees;  all  questions  of  social, 
intellectiial  and  hygienic  character  which  surround  the  mine  workers;  a 
definite  and  consistent  plan  for  expansion  commensurate  with,  but  not  in 
excess  of  our  needs;  the  development  of  such  additional  mechanical 
devices  as  will  admit  of  maintaining  production  in  the  face  of  a  decreaang 
immigration  of  the  men  of  that  class  who  have  in  recent  years  entered  the 
mines.  The  Engineering  Committee  has  proved  alt  these  questions  as 
possible  of  solution. 


The  Mechanics  of  Vein  Formation 

DiscusBton  of  paper  of  Stephen  Taber,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BuUetin  No.  140,  August,  1918,  pp.  1189  to  1222. 

Blauey  Stevens,  Nogales,  Ariz,  (written  discussion*). — This 
subject  should  be  approached  boldly  from  the  purely  physical  stand- 
point. There  are  usually  many  known  ways  of  making  chemical  deposits 
of  any  particular  mineral  and  probably  many  more  ways  that  are  still 
unknown.  With  physical  effects,  however,  there  are,  in  general,  only 
one  or  two,  or  possibly  three,  ways  that  will  pass  muster  before  the 
physicist,  when  he  realizes  the  geological  conditions  to  be  harmonized 
with  the  physical  ones. 

Let  us  consider  the  second  way  that  Mr.  Taber  describes:  "It  (the 
mineral  matter  transported  in  solution)  may  enter  along  a  fracture, 
bedding  plane,  or  similar  passage,  and,  as  it  is  deposited,  force  the  wall 
rock  apart,  thus  making  room  for  the  growing  vein,"  because  it  is  the  one 
Mr.  Taber  chooses  for  the  great  bulk  of  metalliferous  veins.  By  "forcing 
the  wall  rock  apart"  Mr.  Taber  indicates  that  he  means  that  the  process 
of  crystallization  or  sohdification  of  the  mineral  in  the  vein  forces  the  walls 
apart.  To  prove  this,  he  offers  a  great  variety  of  geological  evidence, 
which,  from  the  physical  standpoint,  is  entirely  superficial.  From  the 
geological  standpoint  the  evidence  is  the  best  to  be  had,  but  it  is  entirely 
negative  and  one  single  grain  of  really  positive  evidence  will  entirely 
offset  it. 

Suppose  it  be  granted  that  there  is  a  considerable  force  of  crystaUiza- 

tion.    It  is  well  known  among  physicists  that,  other  circumstances  being 

equal,  the  crystal  would  rather  form  where  it  does  not  have  to  exert  that 

pressure;  or,  to  be  more  exact,  where  it  is  not  necessary  for  the  crystal  to 

•  Received  Oct.  30,  1918. 
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do  work  on  external  objects.  It  follows,  therefore,  that  the  available 
channels  which  Mr.  Taber  calls  "a  fracture,  bedding  plane,  or  similar 
passage"  would  be  first  filled  as  far  as  the  available  solution  would  last. 
But  as  these  passages  filled  up,  they  would  be  extenninated  as  solution 
carriers,  for  certainly  Mr.  Taber  does  not  consider  that  merely  capillary 
passages  can  carry,  laterally,  enough  solution  to  make  a  vein.  This, 
then,  is  positive  physical  evidence  that  metalliferous  veins  are  not  formed 
Id  that  way. 

My  conviction  as  to  how  they  are  formed  is  contained  in  my  paper, 
"The  Laws  of  Igneous  Emanation  Pressure,"'  and,  at  a  later  date,  in  a 
less  technical  article  published  in  the  "Mining  Magazine."*  These 
were  preceded  by  Mr.  Graton's  paper  mentioned  by  Mr.  Taber.  The 
veins  are  considered  to  be  opened  by  the  pressure  of  the  emanations. 
These  do  not  necessarily  open  up  a  large  space  all  at  once;  indeed  this 
would  be  opposed  to  the  physical  explanation,  for  the  pressure  of  the 
emanations  would  be  sufficiently  relieved  by  small  openii^  being  made 
to  the  surface.  The  fractures  are  forced  open  a  little  at  a  time  as  they 
clog  up  with  the  material  deposited.  The  illustrations  were  chosen 
in  an  effort  to  include  as  great  a  variety  of  deposits  as  possible  and 
no  doubt  one  or  two  of  the  cases  are  outside  of  the  limits  allowable  to 
this  class  of  deposit.  The  only  case  the  physical  aspect  of  which  has 
been  since  mentioned  is  that  of  the  great  salt  domes  of  Louisiana  and 
Texas.  The  cause  of  deposition  in  this  case  was  the  partial  evaporation 
of  upward-Sowing  brine  solutions  by  their  own  heat  and  a  continually 
decreasing  pressure.  The  less  soluble  salts  must  have  remained  in  the 
brine,  because  the  solution  could  hardly  be  imagined  to  carry  enough 
temperature  in  the  beginning  to  make  a  complete  evaporation  to  satu- 
rated steam  at  atmospheric  pressure.  This  discussion  does  not  mean 
that  Mr.  Taber's  well  known  work  on  asbestos  veins  is  considered 
incorrect.  But  it  is  plain  to  see  that  he  tries  to  draw  all  other  veins  as 
nearly  as  possible  into  his  own  particular  category. 

Stephen  Tabbk  (author's  reply  to  discussion"). — In  my  paper,  the 
geological  evidence  was  summarized  in  some  detail;  the  physical  evidence 
was  largely  omitted  as  this  phase  of  the  problem  had  been  investigated 
experimentally  and  discussed  in  earlier  papers.*  The  hypothesis  that 
large  quantities  of  mineral  matter  may  diffuse  through  small  capillary 
or  subcapillary  passages  is  supported  by  experimental  proof  of  the 

>  Tram.  (1912)  O,  167. 

■  Intrusive  Pressure  of  MinerEklizing  Solutions.  Min.  Mag.  (November,  1914)  11, 
313. 

•Recaived  Not,  6,  1918. 

'  The  Growth  of  Cryatals  under  ExUrnal  Pressure.  Am.  Jow.  Set.,  Ser.  4  (1916) 
41,  532-556;  and  Pressure  Phenomena  Accompanying  the  Growth  of  Crystals.  Proe. 
Kat.  Acad.  Sci.  (1917)  8,  297-302. 
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permeability  of  rocka  and  also  by  the  eaonnous  size  of  some  Teplacement 
deposits.  Iq  many  such  deposits,  the  ore  minerals  have  idiomorphic 
surfaces  where  in  contact  with  the  partly  replaced  minerals,  thus  proving 
that  the  ore  minerals  may  be  introduced  and  deposited  without  the 
fonnation  of  perceptible  openings.  In  laboratory  experiments,  I  have 
grown  small  veins,  non-fibrous  as  well  as  fibrous;  and,  if  these  veins 
could  make  room  for  themselves  in  a  few  weeks,  I  see  no  physical  objec- 
tion to  the  hypothesis  that  the  larger  metalliferous  veins  may  be  formed 
by  similar  processes. 

The  hypothesis  of  igneous  emanation  pressure  advocated  by  Mr. 
Stevens  is  obviously  inapplicable  to  veinlets  of  calcite  and  gypsum  in 
regions  of  unaltered  sedimentary  rocks,  and  yet  such  veins  frequently 
furnish  similar  evidence  that  they  could  not  have  been  deposited  in 
pre-existing  open  fissures.  Certainly  Mr.  Stevens  does  not  consider 
that  the  calcareous  concretions  found  in  shale  have  been  formed  through 
the  agency  of  igneous  emanations,  and  yet  in  such  instances  the  bed- 
dii^  planes  of  the  shale  have  been  disturbed  by  the  growth  of  the  concre- 
tions in  exactly  the  same  manner  as  in  the  case  of  some  vein-walls.  The 
larger  concretions  may  even  contain  numerous  veinlets  that  do  not 
extend  into  the  surrounding  rock. 


The  Byproduct  Coke  Oven  and  its  Products 

DiiBcuauon  of  the  paper  of  William  Huttoit  Blactvei/t,  presented  at  the  Colorado 

meeting,  September,  1918,  and  printed  in  BuOeUn  No.  135,  March,  1918,  p.  597. 

W.  H.  Blauvblt  (author's  reply  to  discussion*). — The  prevention  of 
smoke  from  byproduct-oven  plants  is  not  as  simple  as  would  appear  from 
Mr.  Moss's  statement.  All  well  designed  byproduct-oven  plants  are 
equipped  with  ample  exhauster  capacity,  and  the  suction  on  the  ovens 
is  controlled  by  highly  sensitive  pressure  governors  that  control  the 
pressure  within  a  fraction  of  a  millimeter.  Of  course,  this  apparatus  can 
get  out  of  order,  causing  the  batteries  to  smoke,  but  this  does  not  often 
happen. 

As  stated  by  Mr.  Thompson,  the  smoke  produced  is  made  almost 
entirely  during  the  time  of  charging  the  ovens,  when  they  are  cut  o£F 
from  the  hydraulic  main.  The  amount  of  smoke  that  escapes  at  this 
time  is  extremely  small,  compared  with  the  amount  produced  by  a 
beehive-oven  plant,  but  the  mechanical  difficulties  in  preventing  any 
escape  of  smoke  at  charging  time  are  considerable.  Several  devices  are 
in  operation  at  a  number  of  plants  which  collect  most  of  the  smoke  made 
during  charging  and  several  devices  are  being  worked  on  for  its  complete 

•  Received  Nov.  2,  1918. 
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elimination.  These  will  probably  be  employed  only  where  the  smoke  is 
objectionable  on  account  of  the  location  of  the  plants,  as  the  value  of  the 
byproducts  in  this  smoke  is  very  small. 


The  Use  (rf  Coal  In  Pulverized.  Fonn 

Discussion  of  the  paper  of  H.  R.  Goluns,  presented  at  the  Colorado  and  Milwaukee 
meetingB,  September  and  October,  1918,  and  printed  in  BvUttin  No.  136,  April, 
1918,  pp.  955  to  961. 

A.  V.  Adambon,*  New  York,  N.  Y.  (written  discussion). — The  ex- 
perience of  users  of  pulverized  fuel  in  metallui^cal  work,  particularly  for 
open-hearth  furnaces,  has  demonstrated  that  high  ash  and  sulfur  in 
pulverized  fuel  are  a  detriment,  the  sulfur  in  the  coal  entering  into  the 
finished  product;  hence,  in  this  class  of  work  it  is  extremely  important, 
when  pulverized  coal  is  to  be  used,  that  the  coal  be  selected  with  care, 
and  only  those  having  low  percentages  of  sulfur  be  used,  in  combination 
with  proper  means  for  combustion. 

I  have  found  that  no  general  statement  can  be  made  as  to  the  cost 
of  pulverized  coal,  each  installation  being  an  individual  engineering 
problem  and  necessitating  a  varying  capital  expenditure;  as  each  in- 
stallation has  its  own  power  cost,  the  actual  cost  of  pulverizing  varies 
between  wide  margins. 

It  has  been  found  that  no  general  rule  can  be  laid  down  as  to  either 
Bneuess  or  dryness;  for  some  uses  a  wide  range  is  permissible  in  both 
factors,  while  some  classes  of  fuel  require  different  treatment  from  others. 

Anthracite,  coke  breeze,  and  lignite  ash  wUl,  under  certain  condi- 
tions, form  slag,  the  melting  point  of  the  ash  from  fuel  of  this  character 
being  practically  the  same  as  of  that  from  bitiuninous  coal;  furnace  tem- 
peratures above  the  melting  point  of  ash  must  therefore  cause  the  for- 
mation of  slag.  However,  it  should  be  noted  that  furnace  temperatures 
attainable  with  this  class  of  fuel  are  not  usually  so  high  as  those  from 
bituminous  coal,  which  probably  explains  the  statement  that  the  former 
do  not  slag.  In  a  well  designed  furnace,  temperatures  above  2250"  F. 
(1235°  C.)  will  be  obtained  with  that  class  of  fuel,  and  slags  will  be 
formed. 

Too  much  attention  apparently  has  been  centered  on  high  COt 
contents  of  stack  gases.  A  high  percentage  of  COi  is  frequently  obtained 
at  the  expense  of  the  brickwork,  the  furnace  temperature  being  increased 
by  diminishing  the  excess  air;  a  high  percentage  of  COi  thus  simply  means 
a  small  proportion  of  Oi. 

I  cannot  agree  that  the  life  of  a  pulverized-coal  furnace  is  as  long  as 

*  Construction  engineer.  Locomotive  Pulveriied  Fuel  Co. 
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that  of  other  forms  of  furnaces.  If  the  statement  be  modified  to  the 
effect  that  the  life  will  be  the  same  as  that  of  other  forms  of  furnaces 
operatit^  under  the  same  capacity  rating,  this  may  be  true.  My  ex- 
perience is  that  with  most  pulverized  fuel  systems  the  Ufe  of  the  furnace 
is  less.  This  expense,  however,  is  more  than  offset  by  the  advantages  of 
using  coal  in  pulverized  form. 

In  general,  the  papers  on  this  subject  are  inclined  to  lay  too  much 
stress  on  the  advantages  of  pulverized  coal,  regardless  of  its  manner  of 
burning,  and  overlook  the  operating  difficulties.  A  wide  range  of  choice 
is  open  as  to  the  equipment  for  drying  and  pulverizing,  since  the  devel- 
opment of  this  machinery  has  been  in  progress  for  many  years  in  the 
cement  industry.  Hence,  the  furnace  problem  is  reduced  to  proper  han- 
dling, feeding,  and  burning. 

Ash,  slag,  and  clinker  are  a  real  problem ;  to  prevent  their  formation  on 
tubes,  checker-work,  and  furnace  walls,  is  absolutely  essential.  Methods 
of  combustion,  and  furnace  design  are  of  vital  importance.  Scientific 
analysis  of  the  difference  in  heat  transmission  due  to  radiant  fuel  and 
ash  in  suspension  has  offered  a  real  opportunity  for  research.  None 
of  these  items  can  be  disregarded;  yet  the  beaten  highway  of  cement 
practice  has  offered  no  answer  because  in  long-fiame  rotary  kilns,  such 
as  are  used  in  cement  work,  these  questions  are  of  no  importance. 

For  four  years  the  organization  with  which  I  am  connected  has 
labored  with  these  subjects,  and  I  am  frank  to  say  that  the  ground  has 
not  yet  been  fully  covered.  Such  progress  as  has  been  made  is  due  to 
progressive  development  based  on  practical  operating  experience  on 
locomotives,  heating  furnaces,  and  boilers.  The  facts  that  have  been 
definitely  settled  can  be  summarized  as  follows: 

1.  Pulverized  coal  is  not  suitable  for  all  purposes,  and  the  character 
of  the  fuel  available  is  one  of  the  factors  causing  the  necessity  for  sepa- 
rately considering  each  proposed  installation. 

2.  Honeycomb  and  ash  on  tubes,  and  slag  on  walla  and  furnace 
fioor,  can  be  controlled. 

3.  Flame  velocity  must  be  reduced  to  a  minimum. 

4.  No  continuous  operating  efficiency  or  continuous  good  results 
can  be  obtained  with  pressure  air  for  combustion,  even  if  only  ^  oz. 
pressure  is  used;  and  the  more  nearly  a  furnace  approximates  a  balanced- 
draft  condition,  the  better  the  operating  results. 

5.  The  incoming  fuel  must  be  mechanically  mixed  with  the  fur-cou- 
veying  medium  to  prevent  a  pulsating  flame  and  the  formation  of  coke 
due  to  lumps  of  pulverized  coal  in  the  feed. 

6.  In  general,  the  future  for  the  use  of  coal  in  pulverized  form  for 
steam  generating,  metallurgical,  and  chemical  work,  offers  a  real  oppor- 
tunity for  fuel  economy  and  increased  production;  it  is  the  one  way  by 
which  shortage  of  oil,  gas  and  coal,  together  with  transportation  and 
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labor  difficulties  can  be  overcome.  Due  consideration,  however,  must 
be  given  to  the  difficulties  inherent  in  and  the  troubles  incident  to  improper 
design  and  installation.  In  other  words,  an  installation  for  the  economic 
utilization  of  fuel  in  pulverized  form  is  not  one  which  can  be  purchased 
over  the  counter,  and  special  experience  or  development  is  essential 
for  each  individual  installation. 

The  Chairman  (J.  W.  Richabds,  South  Bethlehem,  Pa.). — I  under- 
stand that  Mr.  Adamson  has  bad  experience  with  powdered  coal  in 
locomotives.    Are  you  free  to  tell  us  of  that? 

A.  V.  Adauson. — My  experience  with  locomotives  was  in  BrszU  for 
the  Govemment-owQed  railroads.  Twelve  of  these  locomotives  were 
built  and  equipped  for  pulverized  fuel  in  America  and  shipped  to  Brazil 
in  the  early  part  of  1917,  where  they  were  put  into  fast-paasenger  service. 
The  purpose  was  to  burn  native  Brazilian  coal,  a  means  of  using  which  had 
not  been  found.  On  the  r^ular  run  of  110  miles  for  the  round  trip  and 
several  hours  standby,  6  metric  tons  of  Brazilian  coal  were  consumed. 
Compared  with  the  same  amount  on  the  band-fired  locomotives  using 
American  coal  at  approximately  $40  per  ton,  this  effected  a  saving  for 
each  trip  of  approximately  {120.  After  S-weeks'  service  test  on  one  of 
these  locomotives,  without  opening  the  firebox  except  for  the  dumping 
of  the  ash  and  slag,  the  flue  sheet  and  tube^  were  found  to  be  absolutely 
clean. 

These  Brazilian  coals  run  very  high  in  sulfur,  ranging  from  4.5  to 
6  per  cent.  However,  no  difficulties  were  experienced  due  to  the  sulfur 
in  the  coal,  neither  did  it  have  any  deleterious  effect  on  the  boiler.  These 
coals  run  high  in  moisture  and  ash,  the  ash  running  from  22  to  30  per  cent. 
The  moisture  was  reduced  before  pulverizing  to  3  per  cent.,  and  less  if 
possible.  A  low  grade  of  BraziUan  lignite  was  successfully  burned  on 
several  trips,  although  the  moisture  after  pulverizing  ran  as  high  as  12 
per  cent. 

Chairman  Richards. — I  would  like  to  ask  Mr.  Collins  if  the  coal 
must  necessarily  be  dried  to  1  per  cent,  moisture  in  every  case.  If  it  is 
dried  to  that  extent  and  is  not  used  at  once,  coal  will  absorb  1  or  2  per 
cent,  of  moisture  from  the  air.  I  have  been  told  that  coal  has  been 
pulverized  satisfactorily  though  containing  much  more  than  1  per  cent, 
moisture. 

In  regard  to  the  efficiencies  attained  by  pulverized  fuel,  I  believe  that 
the  heating  arrangement  of  the  furnace  itself  is  a  most  important  factor. 
Thus,  when  burning  lump  coal  a  grate  is  necessary,  entailing  losses 
through  the  bars  and  sides  of  the  grate,  and  radiation  through  the  roof; 
whereas,  when  burning  powdered  coal,  the  heat  losses  from  the  firebox 
end  of  the  furnace  are  largely  eliminated. 

Mr.  Collins  states  that  the  costs  of  different  coals  prepared  and 
delivered  in  the  furnace  are  directly  comparable  on  the  heat-unit  basis. 


ifl  by  Google 


1774     discussion:  Colorado  and  uilwackbb  mbetinos,  1918 

I  wish  to  urge  caution  as  to  the  comparing  of  different  fuels  on  the  heat- 
unit  basis,  as  usually  determined.  The  calorimeter  gives  a  thermal  value 
which  includes  the  heat  of  condensation  of  any  water  produced  by  the 
combustion;  in  practice,  this  heat  of  condensation  is  never  utilized  and 
the  calorimetric  results  ought  to  be  corrected  to  that  extent  before 
comparing  the  practical  calorific  powers  of  different  fuels.  That  fuel 
which  has  the  largest  amount  of  combustible  hydrogen  and  yields  the 
most  water,  will  show  a  disproportionately  h^h  calorific  power  in  the 
calorimeter,  because  it  will  be  credited  with  the  heat  of  condensation  of 
all  the  water  that  is  formed,  which,  in  practice,  always  goes  up  the  chim- 
ney, as  vapor.  I  should  recommend  using  the  practical  or  metallur^cal 
calorific  power  of  the  fuels,  and  not  the  calorimetric  value,  as  ordinarily 
used. 

H.  H.  Stobs,  Urbana,  III. — I  should  like  to  ask  how  much  of  the 
ash  is  lost  by  passing  up  the  stack,  and  would  this  not  be  troublesome 
in  settled 'communities? 

H.  R.  CoLUNS. — From  a  boiler  of  250  hp.  rating,  and  running  at 
about  150  per  cent,  capacity,  we  obtained  about  a  barrel  of  ash  out 
of  the  firebox  in  24  hr.  Some  ash  settled  in  the  back  chamber  under- 
neath the  heating  surface  of  the  boiler,  and  the  rest  passed  out  of  the 
stack.  The  fine  ash  is  so  light  that  it  floats  h^h  in  the  air,  and  it  lands 
probably  miles  away. 

Chairman  Ricbards. — One  disadvantage  of  pulverized  coal  as  a 
matter  of  national  economy  is  that  it  offers  no  possibility  of  saving  any 
byproducts.  Hence  the  Carbocoal  process,  followed  by  pulverization 
of  the  semi-carbocoal,  from  which  some  of  the  volatiles  have  been  ex- 
tracted, would  seem  to  offer  great  economies. 

R.  F.  Harrington,*  Boston,  Mass.— I  should  like  to  ask  about 
the  appUcation  of  pulverized  coal  to  malleable  and  gray  iron.  At 
one  time,  considerable  difficulty  was  experienced,  due  to  the  deposition 
of  the  ash  on  the  metal  bath. 

H.  R.  CoixiNB. — As  a  general  rule,  the  molten  metal  is  drawn  first, 
and  the  ash,  which  forma  slag  on  the  top  of  the  bath,  leaves  the 
furnace  last,  the  same  as  in  open-hearth  practice;  hence  the  deposit  of 
ash  ought  not  to  be  objectionable. 

In  heat-treatment  furnaces,  particularly  those  for  malleable  iron, 
there  is  no  trouble  at  all  if  the  fiues  are  correctly  proportioned  to  the 
amount  of  fuel  burned,  so  that  the  velocity  of  the  spent  gases  will  be 
sufficient  to  carry  off  the  ash. 

Thos.  a.  Marsh,!  Chicago,  111. — I  would  like  to  ask  what  success 
has  been  attained  in  the  burning  of  pulverized  coke,  a  fuel  containing 
less  than  3  per  cent,  volatile. 

•  Huat  SpiUer  Mfg.  Co. 
t  Green  Engineering  Co. 
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H.  R.  Collins. — In  order  to  burn  pulverized  coke,  or  other  fuel 
low  in  volatiles,  the  temperatures  muet  be  higher  than  usual,  since 
carbon  ignites  at  around  900*  to  1000"  F.  Hence  we  have  found  it 
•  necessary  to  pass  both  anthracite  and  pulverized  coke  underneath  an 
arch,  returning  the  ignited  fuel  around  the  incoming  fuel  bo  as  to  raise 
its  temperature  above  the  ignition  point;  after  which  the  flame  passes 
into  the  furnace  itself.  That  is  the  only  way  in  which  we  have  been 
able  to  bum  the  low-volatile  fuels  satisfactorily. 

GHAiBiiAN  Richards. — Is  it  not  possible  to  mix  a  certain  proportion 
of  bituminous  coal  with  anthracite  or  coke,  in  order  to  gain  the  advantages 
of  both? 

H.  R.  CoLLiss.— This  can  readily  be  done;  about  32  per  cent, 
bituminous  coal,  ranging  shove  30  per  cent,  in  volatile  matter,  can  be 
mixed  with  anthracite',  and  the  combustion  made  nearly  perfect. 


Electrostatic  Precipitation 

Disciuaion  of  the  paper  of  0.  H.  Escbholz,  presented  at  the  Colorado  meeting, 
September,  1618,  and  printed  in  BuUetin  No.  140,  August,  1918,  p.  I2S3. 

R.  B.  Rathbun,*  Salt  Lake  City,  Utah  (written  diacussiont). — 
While  the  engineer  should  carefully  weigh  the  merits  of  the  various 
types  of  equipment,  he  must  bear  in  mind  that  the  object  of  his  plant  is 
the  recovery  of  suspended  solids,  and  a  thing  is  unimportant  except  as 
it  contributes  to  this  end,  other  engineering  principles  being  duly  con- 
sidered. The  controversy  regarding  the  use  of  synchronous  motor- 
driven  rectifiers  by  which  the  power  for  the  treater  is  taken  directly 
from  the  mains  of  the  local  power  system,  rather  than  the  motor^enerator 
rectifier  giving  each  treater  unit  its  own  isolated  electrical  system,  has 
led  many  to  think  that  on  the  type  of  rectifier  depends  the  success  of 
the  plant.  It  is  in  fact  a  relatively  unimportant  part  of  the  plant  and 
represents  a  very  small  fraction  of  the  investment;  the  recoveries  in  dust 
and  fume  are  practically  the  same  in  each  case.  One  large  smelting 
concern  has  adopted  the  motor^enerator  type  for  all  of  its  plants  after 
years  of  experience  with  the  synchronous-motor  type.  Its  reasons 
are  practically  the  same  as  those  set  down  by  Mr.  Eschholz  for  his 
preference.     Given  more  in  detail  they  are : 

1,  An  independent  electric  system  prevents  outside  power-line 
conditions,  like  voltage  fluctuations,  from  interiering  with  the  operation 
of  the  Cottrell  plant  and  eliminates  the  possibility  of  the  CottreU  plant 
causing  trouble  for  the  power  company.    The  latter,  while  not  very 


*  Asst.  Research  Elngr.,  American  Smelting  &  Refining  Co. 
t  Recaved  Oct.  30,  1918. 
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probable,  must  be  conaidered,  for  it  is  sometimcB  difficult  to  convince 
the  transmission  engineer  that  the  make  and  break  of  the  synchronous 
switch,  which  is  the  rectifier,  does  not  introduce  destructive  voltage 
transients  into  his  system  like  the  well  known  phenomena  attending  ■ 
high-tension  switching.  It  is  not  surpiiaing  that  the  power  company 
hesitates  to  take  any  chances  for  the  small  amount  of  load  acquired. 

2.  An  isolated  electric  system  for  each  treater  prevents  the  possibility 
of  any  disturbance  in  one  treater  being  communicated  to  the  other 
treaters  through  the  transformers  and  rectifiers. 

3.  By  means  of  the  generator-field  and  the  exciter-field  regulations, 
the  treater  potential  may  be  maintained  very  close  to  the  critical  dis- 
ruptive value.  This  is  considered  essential  for  good  work  and  can  only 
be  equaled  when  using  a  synchronous-motor  type  method  by  the  use  of 
an  induction  regulator  with  remote  electric  control,'  which  is  more  compli- 
cated than  a  simple  rheostat  control  in  the  generator  field. 

4.  The  motor  generator  is  free  from  all  the  drawbacks  to  which  the 
synchronous  motor  is  subject,  such  as  falling  out  of  step  and  hunting. 

Against  these  things  is  urged  a  shgbtly  smaller  iirst  cost  and  approxi- 
mately 86  per  cent,  power  efficiency,  as  compared  with  about  a  76  per 
cent,  efficiency  of  the  motor-generator  set.  In  addition,  if  the  synchro- 
nous-motor method  is  used,  the  large  power  system  will  tend  to  absorb 
the  surges  while  the  small  generator  circuit  will  tend  to  reflect  and 
magnify  any  wave  distortions  that  may  be  present.  But  if  there  are 
no  wave  irregularities,  this  function  of  a  large  power  system  is  not  neces- 
sary. Oscillograms  taken  on  a  large  motor-generator  Cottrell  plant  in 
Utah  showed  the  treater  and  transformer  circuits  to  be  remarkably  free 
from  these  surges.  In  this  case,  however,  the  generator  wave  was  a  true 
sine  without  any  irregularities.  Oscillograms  taken  on  a  large  plant 
at  Coram,  Cal.,  where  synchronous-motor  rectifiers  and  inductionregula- 
tors  were  used,  showed  that  steep  wave  fronts  and  surges  were  present  to 
a  marked  degree  in  spite  of  the  absorbing  qualities  of  a  large  power  system. 
Oscillograms  taken  on  three  plants  recently  constructed,  where  motor 
generators  were  used,  showed  that  under  certain  conditions  of  the  load 
voltage  transients  in  the  high-tension  side  of  the  transformer  circuit 
became  troublesome.  In  these  plants  the  voltage  wave  was  not  a  true 
sine,  a  number  of  small  peaks  or  harmonics  being  apparent  in  the  wave. 
The  small  peak  that  occurs  just  at  the  point  of  breaking  contact  is  ^een 
in  the  oscillogram  to  be  manifest  in  the  wave  on  the  high  side  of  the  trans- 
former greatly  magnified,  due  to  the  steep  wave  front  in  the  primary 
wave.  From  the  foregoing  it  is  a  fair  assumption  that  if  the  voltage 
wave  of  the  generator  is  a  true  sine  with  no  steep  wave  fronts  there  is 
no  disadvantage  due  to  surges  in  motor-generator  rectifiers.  This 
method,  then,  should  not  be  condemned  on  account  of  a  defect  in  a 
particular  type  of  generator  used.    It  seems  better  to  correct  the  defect 
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iD  the  generator,  although  this  defect  haa  not  proved  as  detrimental  as 
might  be  supposed,  for  in  every  case  known  to  the  writer  this  surge,  which 
makes  itself  manifest  by  arcing  across  a  protective  spark  gap  placed  across 
the  high-potential  terminals  of  the  transformer,  decreases  so  as  to  be  negli- 
gible as  soon  as  the  gas  is  in  a  state  permitting  good  precipitation  with 
either  method.  There  are  electrical  remedies  that  often  prove  beneficial, 
such  as  absorbing  this  oscillating  energy  by  inserting  ballast  resistance  in 
the  primary  and  secondary  circuits  or  by  shunting  condensers  across  the 
primary  circuit.  Sometimes  the  inductive  reactance  of  the  circuit  may 
be  changed  to  advantage;  and,  too,  the  critical  frequency  of  the  system 
may  be  changed  by  changing  the  rectifier  to  contact  to  only  one  alterna- 
tion per  cycle  without  any  loss  in  precipitation  in  the  treater. 

The  disturbance  manifest  in  the  high-potential  transformer  circuit 
should  not  be  confused  with  the  treater  surges  that  are  manifest  in 
sparkiDg  across  between  electrodes,  although  the  latter  often  set  up 
oscillations  that  cause  surges  ii  the  former.  The  treater  surges  are 
said  to  have  their  origin  in  the  trailing  arc  of  the  rectifier.  At  any 
rate,  they  are  especially  prevalent  if  the  time  of  rectifier  contact  is 
carried  into  the  neutral  part  of  the  wave.  A  very  common  cause  is  the 
deposition  of  a  dry  dust  coating  on  the  surface  of  the  passive  electrode. 
The  sparks  that  jump  across  have  all  the  characteristics  of  a  condenser 
discharge  and  it  is  undoubtedly  a  case  of  disrupted  dielectric  due  to 
being  overcharged.  It  disappears  as  soon  as  the  dielectric  strength  of 
the  coating  is  destroyed. 

A  matter  of  considerable  importance  is  that  of  conditioning  the 
dust  particle  to  assimilate  a  charge.  This  is  usually  done  by  introduc- 
ing water  into  the  gas  by  means  of  sprays.  This  does  not  necessarily 
increase  the  conductivity  of  the  treater  circuit  in  the  usual  sense  for, 
at  a  number  of  plants  when  water  is  introduced  into  a  dry  gas  below  the 
boiling  point  of  water,  the  treater  current  is  greatly  reduced,  with  a 
corresponding  increase  in  the  treater  potential  and  a  much  improved  pre- 
cipitation. This  is  especially  noticed  as  the  relative  humidity  of  the 
gas  is  increased  through  the  range  of  30  to  50  per  cent.  It 
appears  that  a  conductive  coating  has  been  imparted  to  the  dust  particle, 
putting  it  in  a  condition  to  receive  a  charge,  for  previous  to  the  admission 
of  water  the  dust  particles  pass  through  the  strong  electric  field  of  the 
treater  unaffected,  although  the  molecules  of  the  gas  are  highly  ionized. 
It  would  be  interesting  to  know  if  the  ionization  that  is  known  to  accom- 
pany water  spray  enters  in  and  if  the  agglomeration  of  the  dust  particles 
assists  the  precipitation. 

The  discussion  of  the  paper  has  seemed  to  establish  the  fact  that 
the  mere  presence  of  the  water  vapor  is  necessary  without  determining 
a  reason.  The  theory  of  water  being  taken  up  by  the  particle  was 
set  aside  on  the  assumption  or  statement  that  no  more  water  was  precipi- 
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tated  with  the  dust  after  the  gas  had  been  humidified  than  before. 
The  writer  does  not  concur  in  this  assumption,  for  in  his  expenence  the 
dust  precipitated  becomes  damper  with  increased  relative  humidity  of 
the  gas,  until  it  becomes  a  mud  above  70  or  80  per  cent,  relative 
humidity,  in  some  cases.  Some  of  this  water  may  have  been  due  to  the 
fact  that  the  passive  electrode  was  cooler  than  the  gas,  making  a  super- 
saturated stratum  adjacent  to  it,  but  in  a  number  of  eases  the  temperature 
of  this  electrode  was  such  that  no  water  could  be  condensed  on  it  except 
by  surface  adsorption.  In  the  very  nature  of  things  the  dust  particle 
must  take  up  water  from  the  aqueous  vapor.  By  the  well-known  select- 
tive  adsorption  theory,  aqueous  vapor  is  known  to  be  taken  up  by  the 
surface  of  solids  in  preference  to  other  gases,  such  as  nitrogen  and  oxygen, 
and  it  is  also  well  known  that  films  of  adsorbed  moisture  persist  on  the 
surface  of  solids  at  temperatures  far  above  the  boiling  [mint.  It  is 
only  necessary  to  cite  the  early  work  of  Bunsen  in  his  effort  to  remove 
the  last  traces  of  moisture  from  powdered  glass  or  the  exterior  of  ^aae 
tubes. 

In  regard  to  the  theory  of  back  ionization  that  has  been  advanced 
in  the  discussion,  it  is  understood,  by  the  writer,  that  if  a  dry  dust  coat 
covers  the  passive  electrode  there  is  a  luminous  glow  reaching  toward  the 
active  electrode,  which  results  in  reducing  the  gap  in  proportion  to 
the  length  of  the  glow  and  this  effect  disappears  as  soon  as  the  dielec- 
tric strength  of  the  coating  is  destroyed  by  moisture.  It  seems  that 
the  glow  is  due  to  the  fact  that  the  dust  particles  forming  the  inner  coat- 
ing have  not  been  able  to  give  up  their  charge  to  the  electrodes,  and  cause 
an  electric  field  in  opposition  to  the  field  due  to  the  electrodes  untU  they 
are  made  conductive  and  can  give  up  their  charge.  This  is  a  very  promis- 
ing theory  and  accounts  for  the  fact  that  at  a  certain  plant  only  16  kv. 
can  be  maintained  with  an  electrode  spacing  of  6  in.  when  the  gas  is  dry, 
whereas  a  potential  of  25  kv.  or  over  can  be  maintained  after  the  gas  has 
been  sufficiently  humidified.  It  may  also  account  for  the  automatic 
change  in  ratio  between  the  transformer  voltage  and  the  voltage  impressed 
on  the  treater  when  the  change  in  the  relative  humidity  of  the  gas  occurs. 
It  seems,  however,  that  the  phenomena  of  the  glow  can  be  accounted  for 
sufficiently  by  the  theory  of  the  overcharged  gaseous  dielectric  of  a 
condenser,  advanced  above. 

A  common  fallacy  is  the  assumption  that  most  of  the  dust  has  a  tend- 
ency to  migrate  to  the  passive  electrode  where  the  electric  field  is 
weakest.  Experiments  have  convinced  the  writer  that  more  dust  is 
collected  on  the  passive  electrode  because  its  greater  surface  affords  a 
larger  place  for  the  particles  to  lodge  and,  speaking  in  terms  of  unit  area, 
the  tendency  is  really  to  go  to  the  active  electrode  where  the  electric 
field  is  strongest,  in  spite  of  the  electric  wind  in  the  opposite  direction. 

The  writer  does  not  share  Mr.  Eschholz's  enthusiasm  over  the  inter* 
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mittent  contact  rectifier  commonly  used.  It  has  a  very  poor  regulation 
under  varying  conditions  of  the  gas  in  the  treater  and  many  oscillograms 
show  '{hat  the  treater  voltage  often  falls  to  one-half  its  maximum  value 
between  impulses.  The  rectifier  does  have  the  advantage  of  ru^edness 
and  comparatively  low  first  cost. 

For  the  betterment  of  the  process  there  is  need  of  securing  increased 
agglomeration  of  fume,  a  potential  gradient  beet  suited  for  ionization  for 
an  efficient  charging  of  the  dust  particles,  and  a  decrease  in  the  cost  of 
the  treaters. 

The  Metallography  of  Tungsten 

DiBcuBaion  of  the  paper  of  Zat  Jeftriiis,  presented  at  the  Colorado  and  Milwaukee 
meetings,  September  and  October,  1918,  and  printed  in  Biitietin  No.  138,  June, 
1918,  p.  1037. 

Zat  Jeffbies  (author's  reply  to  discussion"). — Messrs.  Merica's 
and  Humfrey's  criticisms  of  some  of  my  conclusions  are  rendered  in  the 
true  scientific  spirit  by  means  of  which  difiFerences  of  opinion  are  grad- 
ually smoothed  out  and  all  participants  are  benefited.  It  is  true  that  the 
statement  of  generalizations  on  such  a  complex  subject  is  hazardous,  but 
I  shall  endeavor  to  point  out  the  explanations  for  the  discrepancies 
noted.  Owing  to  the  fact  that  I  am  now  submitting  a  long  paper  on 
the  same  general  subject  to  the  Institute,  my  present  remarks  will  be 
brief. 

Dr.  Merica's  Assutnptiims^ 

I  agree  with  No.  1  and  No.  2,  with  the  modification  that  the  A 
(amorphous)  metal  between  grains  of  annealed  metal  has  substantially 
the  same  properties  as  that  at  slip  planes  in  deformed  metal,  but  the 
two- have  different  arrangements  with  reference  to  C  (crystalline)  metal 
and  they  may  be  in  different  conditions  as  regards  internal  stress,  thick- 
ness, and  nature  of  contact  with  C  metal. 

Assumption  3. — I  believe  Fig.  1  is  wrong,  I  know  of  no  evidence  to 
substantiate  the  curves.  I  befieve  «o  (elongation  of  C  phase)  =  0 
(approximately)  at  all  temperatures  and  (a  (elongation  of  A  phase)  haa 
finite  values  at  elevated  temperatures  only;  but  these  play  do  important 
direct  role  in  the  ordinary  deformation  of  metals  at  low  temperatures. 
I  believe  Ee  (elastic  limit  of  C  phase)  =  Tc  (tensile  strength  of  C  phase) 
because  as  soon  as  C  metal  begins  to  deform  permanently  it  would 
rupture  were  it  not  for  the  A  metal  generated  by  its  breakdown.  We 
know  that  Ec  =  Tc  'm  brittle  crystals  and  a  crystal  cannot  be  perma-. 
nently  deformed  without  generation  of  A  metal.    Therefore  Dr.  Merica's 
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Tc,  in  reality,  equals  T(a  +  a)-  Also  E^  =  Ta  for  all  practical  purpoaes, 
because  when  A  metal  permanently  deforms  no  new  stronger  phase  is 
formed  and  tience  any  unit  load  which  will  permanently  deform  it  will 
eventually  break  it.  If  the  above  is  true,  Dr.  Merica's  Fig.  2  is  wrong, 
there  being  but  one  aet  of  curves  for  Ea  and  Ea  which  correspond  to 
my  Plate  3*.  The  duration  of  load  is  very  important  in  A  metal.  The 
above  reasoning  should  also  be  applied  to  assumptions  4  and  6. 

Assumption  8b. — I  believe  this  is  not  warranted  from  the  evidence 
at  hand  and  may  lead  to  wrong  conclusions. 

Assumption  9. — I  should  like  to  add  a  fourth  potential  path  of  rup- 
ture, namely,  at  the  contact  between  A  and  C  metals. 

Dr.  Merica's  Condutions 

(a)  I  have  concluded,  after  examining  considerable  evidence,  th&t 
at  room  temperature  and  lower,  in  equiaxed  tungsten,  there  is  internal 
stress  between  A  aiid  C  metals,  probably  due  to  differences  in  their 
coefficients  of  thermal  expansion.  Call  this  internal  stress  IS  and  Dr. 
Merica's  Ta<Ec  becomes  T^,  or  Ea  —  IS<Ec.  My  ECm  (equicoheaive 
temperature  for  elastic  Umit)  is  not  as  Dr.  Merica  states;  it  is  the  tem- 
perature at  which  mixtures  of  A  and  C  metals  have  the  same  resistance 
to  deformation  regardless  of  the  initial  quantity  of  A  metal  present. 
Obviously,  when  C  metal  or  a  mixture  of  A  and  C  metals  is  deformed  by 
Brinell  impression,  A  metal  is  generated.  If  the  total  load  is  kept  con- 
stant, the  deformation  gradually  increases  the  area  of  contact  of  the 
ball  and  decreases  the  unit  load  imtil  a  point  is  reached  at  which  sub- 
stantially no  further  deformation  takes  place;  this  measures  the  re- 
sistance to  deformation  of  mixtures  of  A  and  C  metals.  The  same  is 
true  of  my  hairpin  tests;  the  deformation  caused  a  lessening  of  the  load 
by  shortening  the  lever  arm.  In  all  cases  the  deformation  was  caused, 
to  my  mind,  largely  by  the  movement  at  the  slip  planes  and  slightly, 
and  more  particularly  at  the  higher  temperatures,  by  actual  deformation 
of  A  metal. 

(b).  Dr.  Merica's  condition  for  the  increase  in  ductihty  at  lowered 
temperatures  is  that  the  quantity  (7*^  —  Ec)  must  increase  with  decrease 
in  temperature.  In  view  of  the  assumption  that  Ta  =  Ea,  Dr.  Merica's 
condition  is  identical  with  mine.  It  seems  to  me  that  increase  in  ductility 
of  a  deformed  metal  by  lowering  the  temperature  has  no  relation  to 
rupture  at  grain  boundaries;  the  former  holds  for  the  range  from  highest 
temperature  down  to  that  of  maximum  ductility  and  the  latter  takes 
■place  only  when  the  internal  stresses  between  A  and  C  metals  exceed  a 
certain  amount.     Briefly,  the  cohesion  of  A  and  C  metiJa,  the  quaoUty 
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and  arraagement  of  the  A  metal  and  time  of  rupture  (whether  simul- 
taneous  or  gradual)  and  rate  of  loading  (especially  at  high  temperatures) 
will  determine  the  breaking  load  at  a  given  temperature  in  the  ductile 
temperature  range.  With  other  conditions  constant,  the  breaking  load 
.  will  increase  with  decrease  in  temperature  proportional  to  the  cohesion 
of  A  metal.  But  with  decrease  in  temperatiu-e  the  elastic  limit  of  the 
deformed  grains,  which  consist  of  A  and  C  metals,  must  increase  less 
than  the  elastic  limit  of  A  metal  and  more  than  the  elastic  limit  of  C 
metal.  Hence  the  breaking  load  increaees  faster  than  the  elastic  limit  of 
deformed  grains  and  ductility  must  increase  with  decrease  in  temperature, 
(c)  Again  Dr.  Merica's  discrepancy  is  explained  by  the  existence  of 
internal  stress  between  A  and  C  metala.  It  seems  to  me  that  Dr.  Merica 
has  unnecessarily  complicated  this  subject  by  the  assumption  that  the 
tensile  strengths  and  elastic  limits  are  not  equal.  With  my  assump- 
tions, E^  is  the  average  elastic  limit  of  C  metal  in  all  directions  and  Eji 
is  greatly  affected  by  the  duration  of  the  load,  Dr.  Merica's  Fig.  2  as- 
sumes that  Ta  =  Ea  at  the  melting  point.  We  are  all  familiar  with  the 
brittleness  of  amorphous  substances  at  very  low  temperatures,  which 
means  that  at  these  temperatures  T^  =  Ea  also.  According  to  Fig.  2, 
Ea  and  Ta  become  farther  apart  as  the  temperature  decreases  and  hence 
could  never  intersect.  Also,  Dr.  Merica's  Tc  and  Ec  curves  cannot 
intersect  at  low  temperatures,  yet  we  know  at  these  temperatures  they 
are  equal.     The  obvious  conclusion  is  that  Ta  =  Ea  and  Tc  =  Ec. 

Reply  to  Mr.  Humfrey 

Mr.  Humfrey  first  gives  his  conception  of  the  quantity  and  arrange- 
ment of  the  A  metal  and  states  that  I  consider  the  amorphous  cement 
as  occupying  a  volume  in  the  mass  comparable  with  that  of  the  crystals. 
My  opinions  on  this  subject  coincide  in  the  main  with  Mr.  Humfrey's, 
and  I  have  so  stated  in  reference  34. 

My  previous  remarks  on  internal  stresses  between  A  and  C  metals  at 
low  temperature  apply  to  Mr.  Humfrey's  suggestions  as  to  the  nature  of 
inter  crystalline  cohesion.  He  makes  one  statement,  however,  which, 
on  its  face,  seems  to  be  a  contradiction  to  the  whole  hypothesis;  namely, 
that  if  the  A  metal  at  the  grain  boundaries  gives  way  for  any  cause  at  a 
load  lower  than  the  elastic  limit  of  the  C  metal,  the  A  metal  at  the  slip 
planes  in  the  deformed  grains  should  do  the  same.  It  is  a  fact — and 
this  will  be  discussed  fully  in  my  next  papyer — that  the  A  metal  at  the 
slip  planes  does  produce  brittleness  and,  eventually,  weakness  in  the  de- 
formed grains,  but  the  effect  of  the  deformation  is  to  lower  the  tem- 
perature at  which  this  brittleness  and  weakness  first  appear  on  cooling. 
The  intercrystalUne  fracture  occurs  in  recrystallized  tungsten  at  200°  C 
and  lower.    Below  room  temperature,  equiaxed  tungsten  becomes  weaker 
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witb  decreasmg  temperature;  also,  severely  worked  tungsten  is  weaker 
in  liquid  air  than  it  is  at  room  temperature,  and  it  is  also  brittle.  The 
above  indicates  that  either  the  path  of  rupture  along  the  amorphoua 
slip  planes  in  deformed  grains  is  greater  than  at  grain  boundaries  in 
equiaxed  tungsten,  or  that  the  A  metal  in  deformed  grains  which  has 
been  generated  at  a  comparatively  low  temperature  must  be  cooled  to  a 
lower  temperature  than  that  at  the  grain  boundaries  to  produce  a  given 
amount  of  internal  stress  between  A  and  C  metals. 

Mr.  Humfrey's  belief  that  future  researches  will  find  a  method  of 
preparing  metallic  tungsten  which  will  be  free  from  intercrystalline  weak- 
ness has  been  shared  by  many  workers  on  tungsten.  Although  recogjiiz- 
ing  that  such  a  thing  may  be  possible,  I  am  of  the  opinion  that  fine- 
grained equiaxed  tungsten  will  never  be  produced  in  such  a  form  that  it 
will  be  ductile  at  ordinary  temperatures  like  other  metals.  Lamp  fila- 
ments recrystallized  in  a  vacuum  and  heated  at  high  temperatures  for 
over  1000  hr.  are  not  ductile  at  ordinary  temperature  unl^s  s  single 
grain  occupies  the  whole  cross-section  of  the  filament  for  a  considerable 
leogth,  or  the  grains  are  greatly  elongated,  as  indicated  in  Fig.  49.  Tung- 
sten rods  composed  of  large  grains  can  be  worked  and  recrystalliied  in 
such  a  manner  that  each  large  grain  gives  birth  to  many  small  equiaxed 
grains  which  show  intercrystalline  fracture  at  room  temperatiuB.  If  we 
assume  that  the  original  large  grain  should  have  concentrated  its  impuri- 
ties at  its  own  boundary,  the  small  grains  produced  from  it  should  be 
cemented  together  with  substantially  pure  A  metaL  Again,  the  A  metal 
at  the  slip  planes  in  defoilned  tungsten  grains  behaves  like  the  intercrys- 
talline material  when  a  sufficiently  low  temperature  is  reached,  • 

I  am  unable  to  follow  Mr.  Humfrey's  reasoning  with  reference  to  the 
increase  in  ductility  in  a  strain  hardened  metal  with  decrease  in  tempera- 
ture. It  is  true  that  an  increased  tenacity  due  to  release  of  strains  in- 
creases ductiUty  at  a  given  temperature,  but  when  the  increased  tenacity 
is  gained  by  lowering  the  temperatiu^,  it  must  be  remembered  that  the 
resistance  to  deformation  increases  also.  What  makes  the  tenacity  in- 
crease faster  than  the  resistance  to  deformation,  Mr.  Humfrey's  explana- 
tion does  not  say.  My  contention  that  in  ductile  metals  the  amorphous 
metal  controls  the  tenacity  and  that  its  cohesion  increases  with  decrease 
in  temperature  faster  than  the  crystalline  metal,  satisfies  the  above  con- 
ditions, it  seems  to  me,  and  furthermore,  this  generality  holds  for  aU 
metals. 
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Pure  Carbon-free  Manganese  and  Manganese-copper 

DiscuBsiott  of  the  paper  of  Abthcr  Braid,  prcaented  at  the  Milwaukee  meeting, 
October,  1918,  and  printed  in  Bulletin  143,  November,  1918,  p.  1637. 

W.  B.  Pbicb,*  Waterbury,  Conn,  (written  discuasiont). — It  has  been 
our  experience,  eBpecially  in  cupro-nickel,  tb&t  manganese  has  been  very 
beneficial,  not  only,  as  stated  by  Mr.  Braid,  in  removing  sulfur,  but  also 
for  its  property  of  reducing  oxides,  thus  making  the  metal  more  fluid, 
and  enabling  it  to  be  poured  at  a  lower  temperature;  this,  in  turn,  pre- 
vents softening  of  the  graphite  pots  and  the  absorption  of  carbon.  It 
also  acts  very  effectively  in  keeping  the  carbon  in  solution  in  the  cupro- 
nickel,  in  the  combined  form.  However,  in  the  case  of  cupro-nickel,  to 
obtain  all  these  benefits  it  has  been  found  necessary  to  keep  the  manganese 
content  as  near  0.25  per  cent,  as  possible. 

Manganese  also  is  very  effective  in  diminishing  the  amount  of  blisters 
in  cupro-nickel.  So  far  as  I  am  aware,  both  from  personal  experience 
and  from  the  experience  of  others  who  have  been  engaged  in  the  manu- 
facture of  nickel-silver  and  cupro-nickel,  manganese  used  either  in  the 
form  of  pure  metal  or  as  manganese-copper  alloy  (30  Mn,  70  Cu)  gives 
better  results  than  any  other  fiux.  While  this  may  seem  a  strong  state- 
ment, manganese  is  the  natural  flux  for  nickel-silver  and  cupro-nickel. 


Low-temperature  Distillation  of  Illinois  and  Indiana  Coals 

Discuanon  of  the  paper  of  G.  W.  Thaer,  presented  at  the  Milwaukee  meeting,  October, 
1918,  and  printed  in  SvBetin  No.  141,  September,  1918,  p.  1463. 

C.  M.  GAitLAND,§  Chicago,  HI.  (written  discussion I|). — In  the  devel- 
opment of  Mr.  Traer's  method  for  the  low-temperature  coking  of  Illinois 
coals,  after  the  principles  laid  down  by  Prof.  Parr,  it  was  soon  demon- 
strated that,  in  order  to  yield  a  product  of  uniform  volatile  content,  the 
coal  must  be  coked  in  thin  layers,  and  consequently  must  be  handled  in 
comparatively  small  volumes.  This  means,  in  the  first  place,  that  great 
care  must  be  observed  in  the  design  of  the  coking  chambers  to  prevent 
the  loss  of  the  products  of  distillation,  and,  in  the  second  place, 
that  labor-saving  devices  must  be  utilized  to  the  greatest  possible  extent 
in  order  to  reduce  the  cost  of  handling. 

•  MetaUurgiat  with  the  ScoviU  Manufacturing  Co. 
t  Received  Sept.  30,  1918. 
i  Consulting  Engineer. 
Ij  Eeceivod  Oct. «,  1918. 


ifl  by  Google 


1784  discussion:  uilwaukes  hebtino,  1918 

There  is,  however,  one  advantage  in  the  coking  of  the  material  is 
small  volumes,  and  that  is  the  decrease  in  the  time  required  for  coking. 
Notwithstanding  that  the  temperatures  used  are  in  the  neighborhood  of 
1000°  P.  (538°  C),  it  would  be  safe  to  predict  that  the  coking  time  will 
ultimately  be  reduced  to  3  or  4  hours. 

In  Mr.  Traer's  process  of  carrying  out  low-temperature  distillation, 
considerable  attention  has  been  given  to  the  matter  of  gas-tight  retorts 
for  the  distillation;  the  use  of  low  temperatures  has  made  possible  the 
employment  of  cast-iron  retorts,  which  can  be  made  practically  gas  tight, 
thereby  reducing  the  loss  of  distillate  to  a  negligible  amount. 

The  reduction  of  the  labor  item  has  been  accomplished  by  the  devel- 
opment of  a  system  for  the  handling  of  the  retorts  and  containers,  in- 
volving electrically  operated  pushers  and  pullers  for  the  moving  of  the 
containers  in  the  retorts,  and  hydrauUcally  operated  doors  for  the  quick 
opening  and  closing  of  the  retorts. 

The  retorts,  which  may  be  made  of  any  practical  length  from  50  to 
150  ft.  (15  to  45  m.)  are  operated  in  pairs,  the  containers  traveling  in 
opposite  directions  in  the  two  retorts  of  each  pair.  A  container  dis- 
charged from  one  retort  is  unloaded  onto  a  conveyor,  and  is  then  refilled 
and  charged  into  the  next  retort  of  the  pair.  By  this  arrangement  almost 
as  much  coke  can  be  handled  per  man  as  in  the  high-temperature  process. 

In  calling  attention  to  this  phase  of  the  process,  it  should  be  pointed 
out  that  coke  is  formed  in  containers  having  a  capacity  of  approximately 
1600  lb,  (680  kg.)  of  coal.  The  coke  is  formed  in  slate  approximately 
6  ft.  (1,8  m.)  long,  1  ft.  (0.3  m.)  broad,  and  4  in.  (10  cm.)  thick.  Since 
the  Edaterial  is  handled  in  units  of  1500  lb.,  the  process  does  not  compare 
in  any  way  with  the  briquetting  process  in  which  the  cost  of  handling, 
due  largely  to  the  small  unit  volume,  has  been  all  but  prohibitive  under 
the  conditions  existing  in  this  country.  Due  to  the  comparatively  low 
cost  of  handling  the  material,  as  developed  for  this  process,  and  to  the 
high  value  of  the  byproducts,  the  erection  of  plants  having  a  capacity  as 
low  as  125  tons  of  coal  per  24  hr.  should  be  profitable.  From  plants 
having  a  capacity  of  300  tons  of  coal  per  24  hr.  an  excellent  return  is 
assured. 

Carl  Scholz,*  Chicago,  111.  (written  discussionf). — Mr.  Traer's 
paper  on  low-temperature  distillation  of  coals  is  particularly  tunely,  be- 
cause it  deals  with  two  phases  of  special  interest  to  coal  miners  and  coal 
consumers. 

The  action  of  the  Fuel  Administration  in  prohibiting  the  shipment  of 
Eastern  coals  to  the  Western  markets  presents  a  problem  to  the  coal 
producers  of  the  Central  West,  to  prepare  their  fuel  in  such  manner  as  to 
make  it  compete  with  the  Eastern  high-grade  bituminous  and  anthracite 

*  CoDSulUng  Mining  Engineer,  Chicago,  Burlington  &  Quincy  Railroad  Co. 
t  Received  Oct.  8,  1918. 
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coals.  This  matter  has  had  the  serious  consideratioo  of  many  engineers 
for  a  number  of  years,  but  the  low  ebb  of  the  coal  industry  has  made 
iovestments,  even  in  e:q)erimenta1  plants,  an  impossibility,  and  it  is  only 
in  the  last  2  or  3  years  that  some  of  the  Western  carriers  have  been 
willing  to  aid  in  the  development  of  the  tests  conducted  by  Mr.  Traer, 

The  writer's  interest  in  the  low-temperature  distillation  of  coal  dates 
back  to  some  experiments  conducted  in  the  Kanawha  District  of  West 
Virginia  by  the  process  known  aa  "Charite,"  which  is  nothing  more  than 
the  burning  of  egg  coal  in  long  low  piles,  covered  with  slack  or  coke 
breeze  to  prevent  contact  with  the  atmosphere,  thus  driving  o£f  the 
higher  volatile  gases  without  fusing  the  coal.  Later  on,  the  question  of 
a  continuous  coking  process  was  investigated,  ih  connection  with  L.  L. 
Summers,  which  resulted  in  the  construction  of  an  experimental  plant 
at  Haney,  111. ;  here  some  interesting  observations  were  made,  the  most 
important  of  which  was  the  fact  that  nearly  all  of  the  Illinois  coals  would 
coke  if  finely  ground  and  coked  under  compression. 

Since  the  beginning  of  the  war  in  1914,  the  demand  for  byproducts  has 
been  revived,  and  the  writer  recognizes  the  need  for  comprehensive  and 
extensive  study  of  this  problem  because  of  the  increased  opportunities  to 
market  byproducts  at  higher  prices  than  were  ever  dreamed  of  before, 
and  the  need  for  replacing  Eastern  coals,  which  were  required  for  other 
purposes.  The  transportation  of  West  Virginia  coals  to  the  West  by  rail 
has  always  been  an  uneconomic  procedure,  which  was  emphasized  by  the 
car  shortage  and  the  need  of  railway  facilities  for  war  purposes.  With 
this  in  view,  the  testa  conducted  by  Mr.  Traer  were  very  carefully 
followed. 

It  is  only  in  recent  years  that  hard  coke  has  been  used  for  domestic 
purposes,  due  to  the  difficulties  in  obtaining  sufficient  draft  under  ordi- 
nary conditions.  The  coke  produced  by  the  low-temperature  process 
overcomes  all  of  these  difficulties;  and,  aside  from  possessing  all  of  the 
advantages  of  the  best  domestic  coals,  this  fuel  will  store  for  an  indefinite 
period  without  any  deterioration  or  slacking.  Undoubtedly,  when  it 
becomes  a  commercial  commodity,  many  new  uses  will  be  found  for  it. 


Notes  on  Certain  Ircm-ore  Resources  of  the  World 

Disciusioii  of  the  Bympodum  on  this  aubject,  originally  conducted  by  the  New  York 
Section,  May  23,  1918,  preHnted  aa  a  paper  at  the  Milwaukee  meeting,  October, 
1918,  and  printed  in  SuUeJtn  141,  September,  1918,  pp.  1471  to  1496. 

The  Chairman  (J.  W.  Richards,  South  Bethlehem,  Pa.) — The  first 
point  on  which  I  wish  to  speak  is  that  sufficient  attention  has  not  been 
given  to  the  quality  of  the  ores,  in  estimating  the  reserves.  I  made  this 
same  criticism  of  the  work  on  the  iron-ore  resources  of  the  world  issued  by 
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the  XI  International  Geological  Congress.  They  listed  only  the  ores 
having  present  metallurgical  value  and  left  out  of  con»deration  all  others. 

However,  since  metallurgical  practice  is  steadily  improving,  the  worth- 
less ores  of  today  gradually  become  the  commercial  ores  of  tomorrow; 
hence  an  estimate  to  the  effect  that  we  shall  run  out  of  good  iron  ore 
inside  of  50  years,  if  the  present  rate  of  consumption  is  miuntained, 
is  of  small  interest  to  the  metallurgical  industry.  The  world  will  never 
run  short  of  ores  for  producing  iron,  although  it  may  reach  the  end  of  the 
rich  ores  such  as  we  now  think  we  cannot  get  along  without. 

The  second  point  is  that,  while  the  world  will  never  be  without 
iron  ore,  we  cannot  get  iron  out  of  its  ore  without  fuel;  hence  the  supply 
of  fuel  becomes  the  controlling  factor.  For  this  reason,  at  the  XI  Inter- 
national Geological  Congress,  as  a  companion  to  the  magnificent  work 
on  iron-ore  resources,  I  proposed  that  a  similar  volume  on  the  coal  re- 
sources of  the  world  should  be  compiled.  I  did  not  realise  at  the  time 
that  I  was  unwittingly  promoting  the  designs  of  the  military  Junkers. 
Those  countries  which  have  the  supply  of  fuel  will  control  the  production 
of  iron.  The  supply  of  iron  ore  is  practically  unlimited,  compared  with 
the  supply  of  fuel  by  which  it  must  be  smelted. 


ifl  by  Google 


HOSE  for  Water,  Steam,  Oil, 
Acid,  Chemicals,  Liquid,  Sand 


An  Accepted  Standard 

TT  IS  a  reasonable  statement  that  now  is  no 
■*■     time  to  fool  with  "just  as   good"  brands. 

The  entire  nation  is  facing  an  important  recon- 
struction period.  American  industries  will  need 
new  supplies  to  take  the  place  of  war-worn 
equipment — among  other  items  Hose  of  various 
types  for  a  hundred  uses. 

We  recommend  Goodrich  Hose^one  of  the 
most .  important  products  of  our  great  Rubber 
Goods  line^backed  with  a  clear  record  of  50 
years  of  leadership  in  Rubber — your  guarantee 
of  quality. 

We  invite  your  correspondence. 

THE  BF.GOBaRICH  RUBBER  CDKrMY 

Makvri  of  the  Celebrated  Goodrich  Automobile  Tires— 
"B»»t  in  the  Long  Ann" 

The  City  of  Goodrich-AKRON,  OHIO 
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